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failure with pulmonary congestion but without peripheral 
edema, mercurial diuretics may be helpful in hastening the loss 
of sodium or in permitting a somewhat more liberal diet. .. . 
In most cases hypertensive patients with normal blood urea 
levels can be safely tried on sodium depletion.” 

The Treatment of Hypertension, editorial, J. A. M. A. 185:576 (Nov. 1) 1947. 


“... [By] the more frequent usage of the mercurials in cardiac 
dyspnea the attending physician . .. PROLONGS THE LIFE AND 


COMFORT of his patient.” 
Donovan, M. A.: New York State J. Med. 45:1756 (Aug. 15) 1945. 
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© “Local effects of intramuscular injection. . . . The results 


strongly favored MERCUHYDRIN.” 
Modell, W., Gold, H. and Clarke, D. A.: J. Pharm. & Exper. Therap. 04:284 (July) 1945. 
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- @ “The authors favor the administration of mercury intramuscularly 2 
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Thorn, G. W. and Tyler, F. H.: Med. Clin. North America (Sept.) 1947, p. 1081. 


e “The results of our experiments suggest that the greatest 
cardiac toleration for a mercurial diuretic occurs with | 


MERCUHYDRIN.” 
Chapman D. W. and Shaffer, C. F.: Arch. Internal Med. 79:449, 1947. 


© “We have limited the use of chemical diuretics almost 


entirely to... MERCUHYDRIN.” 
Weiser, F. A.: Grace Hospital Bulletin, Detroit (Jan.) 1947, p. 25. 
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Mortality in the neonatal group of patients 
has shown a persistent upward trend,' and 
may “‘be attributed in large measure to the prev- 
alence of epidemic diarrhea of the newborn 
infant.”* Overcrowding and understaffing of 
hospital nurseries are important contributing 
factors, and until these war-induced conditions 
can be corrected, particular emphasis must 
be placed on isolation and prompt control. 
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Painful diabetic ulcer of about 4 months’ duration 
which had not to ordinary treatment. Roent- 


genogram showed probable osteomyelitis. This was 
one of 50 cases of chronic ulcers described by Cady and 
Morgan in the April 1948 issue of Am. J. of Surgery. 


> 
Daily Chloresium dressings effected complete heal- 
ing in 10 days. The Clinicians report: “Most (of the 
50) cases constituted long, chronic, refractory problems 
... chlorophyll (Chloresium) therapy relieves subjec- 


tive symptoms, promotes tissue growth and healing.” 
Reports from clinicians emphasize the effectiveness 
of Chlorophyll Therapy as made possible by Chloresium 
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with Special Reference to Chlorophyll Bulletin, 4: 242, 1946 

Bowens, Wanner F. Chlorophyll in Wound Healing Amer. J. Surgery, 
and Suppurative Disease. LXXIII: 37 (1947) 

Capy, J. B. and The Treatment of Chronic Ulcers Am. J. Surgery LXXV: 4 
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A Review of 114 cases 16: 94 (1947) 
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‘Multicebrin’ daily is adequate for pro- 
phylaxis of multiple vitamin deficiencies. 
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be prescribed when multiple vitamins in 
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Editorial 


Penicillin and Glutamic Acid 


tions. The chemical structures of several 
penicillin species have recently been deter- 
mined, and the drug has even been synthe- 
sized in the laboratory. As yet, however, its 
mode of action is unknown. 

Most gram-negative bacteria are able to 
synthesize the majority, if not all, of the 
amino acids needed in their cellular metab- 
olism. Many gram-positive organisms, on 
the other hand, have more exacting nutri- 
tional requirements and are unable to 
synthesize many of the chemical units 
necessary for protein formation and other 
metabolic functions. Moreover, the metab- 
olic processes of gram-positive organisms 
are more susceptible to interference by 
bacteriostatic agents than are those of most 
gram-negative bacteria. Recently, E. F. 
Gale and his collaborators'~* have under- 


1 Gate, E. F. The bacterial amino-acid decarboxyl- 
ases. Adv. in Enzymol, 6: 1-32, 1946. 

2Gare, E. F. The assimilation of amino-acids by 
bacteria. 1. The passage of certain amino-acids across 
the cell wall and their concentration in the internal 
environment of Streptococcus faecalis. 7. Gen. Microbiol., 
1: 53, 1947. 

2 Tavior, E. S., The assimilation of amino-acids by 
bacteria. 3. Concentration of free amino-acids in the 
internal environment of various bacteria and yeasts. 
J. Gen. Microbiol., 1: 86, 1947. 

4 Gang, E. F. and Taytor, E. S. The assimilation of 
amino-acids by bacteria. 5. The action of penicillin in 
preventing the assimilation of glutamic acid by Staphylo- 
coccus aureus. 7. Gen. Microbiol., 1: 314, 1947. 

® Gate, E. F. Correlation between penicillin resistance 
and assimilation affinity in Staphylococcus aureus. 
Nature, 160: 407, 1947. 

E. F. and Ropweut, A. W. Amino-acid 


ORE than eight years have passed 
since penicillin was first used in . 
the treatment of bacterial infec- 


taken a systematic study of the metabolism 
of certain amino acids by both gram- 
positive and gram-negative bacteria and 
have investigated the effect of several 
classes of antimicrobial agents including 
penicillin upon these important metabolic 
processes. Utilizing specific decarboxylating 
enzymes to measure the concentration of 
selected amino acids within bacterial cells, 
they have made the following observations 
relating to the mode of action of penicillin: 

1. Gram-positive organisms in general 
are able to assimilate glutamic acid and 
lysine from the external medium and to 
concentrate them within the internal en- 
vironment whereas gram-negative organ- 
isms are unable to do so. 

2. Although lysine appears to enter 
gram-positive cells by diffusion, glutamic 
acid cannot pass across the cell wall unless 
energy is supplied by some _ exergonic 
metabolism, such as the fermentation of 
glucose. 

3. Once glutamic acid has entered gram- 
positive micro-organisms, it is present in a 
free state and serves as a source of amino 
acid for protein synthesis and other meta- 
bolic functions in growing cells. 

4. When gram-positive bacteria are 


‘grown in penicillin, the assimilatory mecha- 


nism for glutamic acid is blocked; and since 
internal metabolic processes are not affected 
by the drug, the level of free glutamic acid 
within the cell decreases to a point where 
growth can no longer occur. 


metabolism of penicillin-resistant staphylococci. 7. Bact., 
55: 161, 1948. 
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5. The concentrations of penicillin needed 
to prevent assimilation of glutamic acid by 
various gram-positive organisms are of the 
same order as those needed to prevent their 
growth. 

6. Penicillin-resistant mutants assimilate 
glutamic acid less efficiently than the sensi- 
tive parent strain, there being a quantitative 
relation between the assimilation affinity 
and penicillin sensitivity of the organism. 

7. Staphylococcus aureus when rendered 
resistant to high levels of penicillin not only 
loses its ability to assimilate glutamic acid 
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but also becomes gram-negative and, like 
other gram-negative organisms, is able to 
synthesize all of its amino acid requirements 
from ammonia and glucose in the presence 
of thiamine. 

The above observations from Gale’s 
laboratory strongly suggest that the mode 
of action of penicillin involves a disturbance 
in the uptake of amino acids by susceptible 
bacterial cells. The exact manner in which 
the penicillin interferes with the assimilation 
of amino acids is at present unknown. 

W. Barry Woop, JR., M.D. 
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Symposium on Aviation Medicine 


Physiologic Problems in Aviation 


HERMAN S. Wicopsky, M.D.* and JAN H. TIvuiscn, 


Washignton, D. C. 


HERE are certain physiologic prob- 

lems that are unique to aviation. 

Among these problems are those 
which arise as a result of low barometric 
pressure—anoxia and decompression sick- 
ness. Other problems are those due to cold 
and to movement—airsickness, acceleration 
and deceleration. 

The physiologist in aviation, through in- 
vestigation of these problems, is able to 
provide the physician with a better under- 
standing of the physiologic mechanisms in- 
volved, in this way establishing a more 
rational basis for the diagnosis and treat- 
ment of injuries and diseases found in flying 
personnel. Furthermore, he provides airmen 
with information concerning the physiologic 
hazards which face them, permitting them 
to meet these hazards intelligently. In addi- 
tion the physiologist also provides engineers 
with physiologic data necessary for the 
proper construction of equipment required 
to neutralize these hazards. 

The following is a discussion of some of 
the more important physiologic problems in 
aviation: 

ANOXIA 

The anoxia encountered in aviation does 
not differ qualitatively from that experi- 
enced by mountain climbers. It results from 
the lowered partial pressure of oxygen 


in the inspired air. This in turn results from . 


the lowered barometric . Thus at 
approximately 18,000 feet (5.5 kilometers) 
the barometric pressure is only one-half of 
that present at sea level and the partial 


* Former Director of Research, Army Air Force School of Aviation Medicine, 


Rochester, Minnesota 


pressure of oxygen is reduced from the sea 
level normal value of approximately 160 
mm. of mercury to 80 mm. of mercury. At 
this altitude the hemoglobin of arterial 
blood is approximately 70 per cent satur- 
ated with oxygen in contrast to the normal 
of 97 per cent. Since the earliest balloon 
flights of Tissandier, the signs and symp- 
toms of anoxia have been encountered and 
described. The serious symptoms of acute 
anoxia encountered in ascent vary some- 
what in different individuals. In general, 
however, as high as 14,000 or 15,000 feet 
(4.3 or 4.6 kilometers) if exposure is not 
too prolonged there are few symptoms of 
anoxia because the compensatory mecha- 
nisms provide adequate defense for the 
body. Above 15,000 feet (4.6 kilometers) 
the compensatory mechanisms no longer 
suffice and symptoms of anoxia develop. 
The most striking of these symptoms are 
retardation of mental and physical pro- 
cesses, impairment of the special senses, 
especially vision, pronounced fatigue and 
frequently changes in personality such as 
euphoria. From 20,000 to 23,000 feet (6.1 
to 7.0 kilometers) unconsciousness usually 
occurs. The unconsciousness may be the 
result of failure of either the circulatory or 
the central nervous system. The after-effects 
of anoxia are headache, lethargy, nausea 
and vomiting or severe prostration. Re- 
covery usually takes place in twenty-four 
to forty-eight hours. In modern aircraft 
anoxia at high altitudes is prevented by the 
use of oxygen or pressurization of the air- 
Field, Texas. 


t Former Chief of Medicine, Army Air Force School of Aviation Medicine, Randolph Field, Texas. At present 
Consulting Physician, Division of Medicine, Mayo Clinic, Rochester, Minnesota. 
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craft cabin. A number of deaths have been 
encountered in military aviation either 
from improper use of oxygen equipment or 
in a few cases from failure of the equipment. 


EXPANSION OF GASES 


The mechanical effects of low barometric 
pressure encountered at high altitudes re- 
sult from changes in the volume of gases 
within the body cavities. Boyle’s law states 
that a given quantity of gas varies in volume 
inversely in proportion to the absolute pres- 
sure exerted on it. The structures most com- 
monly affected by the expansion of gases 
at high altitudes are the middle ear, the 
paranasal sinuses and the gastrointestinal 
tract. Of these the ear is most commonly 
affected. As the barometric pressure is re- 
duced during ascent, the expanding air in 
the middle ear causes a pressure sensation 
and eventually becomes sufficiently great to 
force the air out through the eustachian 
tube. The pressure within the middle ear 
then becomes equalized with the outside 
pressure. During descent in an aircraft the 
barometric pressure increases and the pres- 
sure in the middle ear falls below that of 
the external air. With this negative pressure 
in the middle ear it is difficult, or may be 
impossible, to open up the eustachian tube. 
Aero-otitis media is the term used to de- 
scribe the traumatic inflammation caused 
by the difference of pressure between the ex- 
ternal air and the air in the middle ear. 

A phenomenon similar to that which 
occurs in the middle ear takes place in the 
paranasal sinuses with changes in _ baro- 
metric pressure. If the sinuses are normal, 
air passes into and out of the cavities and 
thus produces equalization of pressure at 
the usual rates of ascent and descent. If the 
sinusal openings are obstructed for any rea- 
son, as in sinusitis, such equalization of pres- 
sure does not take place. The difference of 
pressure between the air in the sinuses and 
the external atmosphere produces pro- 
nounced pain which may occur either on 
ascent or on descent. 

The gastrointestinal tract normally con- 
tains gas which varies in amount. The 
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sources of gas in either normal or abnormal 
amounts are swallowed air, digestion, fer- 
mentation and bacterial decomposition of 
food, faulty absorption of gas from the 
gastrointestinal tract and secretion of gas 
from the blood. Most of the gas is contained 
in the stomach and the large intestine. 
During ascent the gases in the gastrointes- 
tinal tract expand. Ordinarily, relief is 
obtained by belching and the passing of 
flatus. In some persons, however, expansion 
of gas causes extreme discomfort because of 
inadequate elimination, pocketing with en- 
trapment of gas in the gastrointestinal tract 
or excessive gas due to a diet high in gas- 
forming foods. 


DECOMPRESSION SICKNESS 


Exposure to low atmospheric pressure 
such as is encountered at high altitudes may 
cause another phenomenon in the body, 
that is, the formation of bubbles if the 
tissues, blood and other body fluids. This 
rarely occurs below 25,000 feet (7.6 kilo- 
meters). The mechanism is similar to the 
evolution of bubbles in charged water when 
the cap of the bottle is removed. The body 
fluids contain gases, chiefly nitrogen. When 
the atmospheric pressure is reduced, as in 
high altitudes, the body fluids become 
supersaturated with nitrogen and bubbles 
of gas are formed. The process of produc- 
tion of bubbles, which produces a condition 
known as ‘‘aero-embolism,”’ is the same as 
the process in caisson disease. It may affect 
the individual in various ways. The condi- 
tion known as “‘bends’”’ is the most common 
manifestation. The symptoms are pains in 
the joints, bones or muscles of the extremi- 
ties. The pain is deep and poorly localized 
and produces a constitutional reaction out 
of proportion to its severity. It is aggravated 
or precipitated by exercise of the affected 
part. There may be pallor, sweating, faint- 
ness, nausea, vomiting or even unconscious- 
ness. 

The condition known as “chokes’’ repre- 
sents another symptom complex. There is 
burning substernal distress which frequently 
is associated with a non-productive cough. 
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The burning and cough are aggravated by 
deep breathing and, as a result, the depth 
of breathing is restricted. The onset of 
chokes is usually rapid and the symptoms 
are almost always progressive. The symp- 
toms are ameliorated by descent but residual 
symptoms may persist after the person has 
returned to the ground. The exact cause of 
chokes is not known at the present time 
but the most widely accepted hypothesis is 
that the condition is due to pulmonary 
aero-embolism. 

Cutaneous disturbances due to aero- 
embolism may occur. These disturbances 
consist in paresthesias and cutaneous rashes. 
The latter may appear as simple erythema, 
subcutaneous swelling or ecchymotic dis- 
coloration. Defects in the visual fields are 
encountered infrequently as a result of 
aero-embolism. Such defects usually are 
followed by a migraine-like headache. Both 
the cutaneous and visual disturbances are 
probably due to embolic phenomena. 

Circulatory reactions due to aero-em- 
bolism are the most serious complications. 
These may be divided into two categories: 
The first is a syncopal reaction, recovery 
from which is usually prompt during and 
following descent to ground level. The 
second type is rare and is much more 
serious. It is manifested by symptoms of 
secondary shock at altitude or after descent 
to ground level following high altitude 
flight. The type which develops after reach- 
ing ground level may be delayed many 
hours in its onset. The neurologic symptoms 
which fairly frequently accompany this 
type of reaction are usually transitory and 
vary from hemiplegias to paresthesias. The 
treatment is identical with that of secondary 
shock resulting from any other cause; how- 
ever, these patients must be watched care- 
fully for the development of pulmonary 
edema. 

It is appropriate to mention in this sec- 
tion the problem of ‘‘explosive decompres- 
sion’”—a term applied to the sudden 
lowering of pressure within a pressure cabin 
airplane. Such an event may result from 
damage to the cabin by enemy action, from 
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failure of the pressurizing machinery to 
function adequately or from failure of a part 
of the cabin structure itself. This. problem 
is linked intimately with that of decom- 
pression sickness and has assumed a place 
of major importance with the advent and 
general utilization of pressure cabin aircraft. 
The problem of explosive decompression is 
divided into two parts: (1) the immediate 
effects due to rapid change of pressure per 
se and (2) the effects due to altitude— 
anoxia, decompression sickness and cold. 
The latter effects differ in no way from 
exposure to high altitude under other cir- 
cumstances except for the rapidity with 
which the person is exposed. The immediate 
effect, on the other hand, poses new prob- 
lems in regard to the possible injury to 
gas-containing organs as a result of high 
pressure differentials developed during rapid 
decompression. The lungs are particularly 
important in this regard. 
COLD 


The problem of cold in aviation differs 
only slightly from the same problem in any 
cold environment. However, in contrast 
with the latter the aviator is relatively re- 
stricted in his movements; he encounters 
cold suddenly (frequently going from trop- 
ical conditions to extremely low tempera- 
tures in a few minutes) and the cold is 
frequently accompanied by violent wind 
blast. The temperatures encountered may be 
below —60°c. The problem is complicated 
by the fact that exposure to cold is inter- 
mittent and of relatively short duration thus 
precluding any great degree of adaptation 
or acclimatization. Exposure to these ex- 
tremely low temperatures results in frost- 
bite. There has been renewed interest in 
this physiologic problem in an attempt to 
establish more reasonable methods of treat- 
ment based on the physiologic changes 
which occur. 


ACCELERATION 
The problem of acceleration in aviation 
has increased in direct proportion to the 
increased speed of aircraft and the im- 
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provements in structural design enabling 
aircraft to withstand larger stresses. World 
War 11 intensified both the study of the 
effect of acceleration on the individual and 
the development of measures and equip- 
ment to combat these effects. These studies 
have been parallel in their growth and have 
led to a logical development of protective 
equipment. Until jet and rocket propelled 
aircraft were employed, acceleration was 
principally a problem which resulted from 
aircraft maneuvers such as spins, turns and 
pull-ups. However, these newer develop- 
ments pose serious acceleration problems 
because of very high speed take-offs and 
variation in take-off altitudes. 


DECELERATION 


Large decelerative forces are encountered 
frequently in aviation and are a formidable 
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cause of death. Such forces are met with 
in crash landings, ditchings, high speed 
bail-outs and bail-outs at high altitudes 
when the airman opens his parachute im- 
mediately after leaving his airplane. Not 
only is the problem of deceleration of im- 
portance to the engineer, who must con- 
struct equipment so that the ability of the 
human body to withstand these forces will 
not be exceeded, but it is also of importance 
to the surgeon who must diagnose and treat 
the injuries which result from these forces. 
Diagnosis and treatment will be facilitated 
if the mechanism of the injury is understood. 

Studies to ascertain the limits of tolerance 
of the human body have been undertaken, 
using animal and human subjects. It has 
been possible to reproduce in animals the 
lesions which occur in human beings sub- 
jected to decelerative forces. 
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Rochester, Minnesota 


EDICINE in aviation may be ap- 
plied to two groups: the air crew 
and the passenger. Factors which 

may be of great importance in air crew 
members may have no significance in 
passengers. As has been mentioned in a pre- 
vious article, on ascending to altitude cer- 
tain physical changes which affect the body 
physiology occur, namely, lowered baro- 
metric pressure with resultant decreased 
oxygen tension and expansion of body gases, 
changes due to motion, such as accelera- 
tion and deceleration, and cold. A further 
change is the individual emotional response 
to transportation by air. Because of these 
changes, it is important to consider care- 
fully two groups of aviation § subjects, 
namely, the air crew and the ill patient 
to be transported by air. The matter of 
transportation of the ill patient has been 
emphasized by Grant,' Hippke? and Tillisch 
and his co-workers.* The indications and 
contraindications for the aerial transporta- 
tion of ill patients are not necessarily ap- 
plicable to the casual air passenger. 

The determination of the status of the 
cardiovascular system is of importance for 
both pilot and passenger. A hypersensitive 
carotid reflex has been shown by Tillisch 
and Lovelace‘ to be of great importance 
in the pilot for the reason that it may cause 
sudden unconsciousness. Therefore a pilot 
with this condition should be disqualified. 
The presence of postural hypotension in a 
pilot is disqualifying for a similar reason as 


pointed out by MacFarland and his co-— 


workers.’ Af present the most commonly 
accepted method of examining for postural 
hypotension is to have the examinee rest in 


Galveston, Texas 


a supine position until a basal blood pres- 
sure and pulse rate are obtained. The 
examinee then stands erect for three min- 
utes and the blood pressure and pulse ‘rate 
are again taken. If a significant fall in blood 
pressure and rise in pulse rate occur or if 
the examinee evinces any signs of uncon- 
sciousness, a diagnosis of postural hypoten- 
sion is made. Evidence of signs of uncon- 
sciousness is of more importance than the 
finding of a fall in blood pressure alone. 
In the examination for postural hypotension 
it is also helpful to elicit any history of 
unconsciousness occurring on rising from 
a supine position. In passengers neither a 
hypersensitive carotid sinus reflex nor a 
postural hypotension contraindicates flying. 
Valvular heart disease or hypertension 
has always been considered a contraindica- 
tion for flying a plane. This question has not 
been finally settled. Although there has 
never been a satisfactory statistical analysis 
to determine the incidence of sudden un- 
consciousness in patients who have valvular 
heart disease or hypertension, it is suspected 
that it would be very little higher in these 
patients than in a control group. Yet the 
chief reason for considering these two con- 
ditions contraindications for piloting a plane — 
is the supposed increased likelihood of sud- 
den unconsciousness or weakness. A person 
with severe hypertension or severe valvular 
heart disease should not fly a plane. In addi- 
tion a person with cardiac decompensation 
caused by either of these two conditions or 
by any other condition had best fly as a 
passenger only when absolutely necessary 
and when there is adequate oxygen avail- 


_able. A person with cardiac decompensa- 


* Former Chief of Medicine, 
Physician in Division of Medicine, Mayo Clinic, Rochester, Minnesota. 
t Former Chief of Air Evacuation, Army Air Force School of Aviation Medicine, Randolph Field, Texas. 


AMERICAN JOURNAL OF MEDICINE 


633 


. 


634 
tion already has anoxia and the added load 
of the anoxia of altitude on an already im- 
paired circulatory system may have harmful 
effects. The nervous tension associated with 
flying may further aggravate the cardiac 
condition. In the final analysis a person with 
mild uncomplicated hypertension or well 
compensated valvular heart disease can 
probably pilot a plane with safety. One 
who has moderately severe hypertension or 
valvular heart disease with even minimal 
cardiac decompensation had best not fly a 
plane. The passenger with either hyper- 
tension or valvular heart disease can be 
transported safely by plane unless he has 
severe hypertension with a history of the 
complications of hypertension or unless he 
has frankly decompensated valvular heart 
disease; in these latter events the passenger 
had best not fly. If it is necessary for these 
patients to fly, oxygen should be adminis- 
tered to them from the ground up. 

The réle of coronary heart disease in 
aviation has been emphasized by Benson, 
Graybiel and McFarland‘ and White.*® 
This condition is of a more serious nature 
in the pilot than the aforementioned types 
of heart disease because of the suddenness 
and severity of the attacks. Evidence of 
coronary disease in a pilot should contra- 
indicate flying by that person. Coronary 
heart disease in the passenger must be 
handled as an individual problem. It is best 
not to fly for a considerable period of time 
after myocardial infarction. A person with 
easily induced anginal attacks had best not 
fly. The patient who may have marked 
apprehension to flying which aggravates his 
coronary disease had best not fly. A trip 
by plane that necessitates going to higher 
than normal altitudes should be contrain- 
dicated for a person with coronary disease. 
Generally the patient who has severe coro- 
nary disease should be advised not to fly 
unless other forms of transportation would 
put even a greater strain on the heart; if he 
does fly, oxygen should be administered at 
any altitude above 7,000 feet and a mild 
sedative prescribed to allay any nervous 
tension. 
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Diseases of the respiratory system vary in 
their réle as contraindications to flying. The 
common cold, sore throat and sinusitis all 
may increase susceptibility to aero-otitis 
and aerosinusitis. The application of the 
usual vasoconstrictor drugs, such as amphet- 
amine (benzedrine) or 2-aminoheptane 
sulfate (tuamine), may shrink the tissues in 
the nasopharynx and nasal cavity so that 
the middle ear or accessory sinuses can be 
adequately ventilated. Bronchitis, bronchi- 
ectasis, pneumoconiosis, pulmonary abscess 
and bronchogenic carcinoma are not in 
themselves contraindications to the patient’s 
flying as a passenger unless such conditions 
are sufficiently severe as to cause respiratory 
embarrassment. In the latter event these 
persons should not fly unless oxygen is avail- 
able and is used. Patients suffering from 
pneumonia also should be given oxygen 
when flying even though no evidence of 
respiratory impairment is present. This is 
done for the reason that the patient with 
pneumonia already has endogenous anoxic 
anoxia and the addition of even a further 
slight anoxic anoxia as a result of his going 
to altitude may be sufficient to cause the 
patient grave trouble. The advisability of 
flying on the part of a patient with active 
pulmonary tuberculosis is in question; cer- 
tainly if the lesion is more than minimal, the 
patient should not fly. The most important 
factor in a tuberculous patient’s flying is 
whether or not he has a pneumothorax. 
The dangers to a patient with pneumo- 
thorax in traveling by air are numerous. 
Rapid contraction and expansion of the 
collapsed lung are deleterious to the healing 
process of tuberculosis. Tearing of adhesions 
attached to diseased pulmonary tissue may 
result in hemorrhage or in seeding the 
pneumothorax cavity with tubercle bacilli. 
Excessive compression of the lung may re- 
duce the vital capacity seriously. Dowd® 
reported the death of a patient with pneu- 
mothorax occurring as a result of trans- 
portation by plane at an altitude of 16,000 
feet. 

Persons with asthma should not travel 
by air during an acute attack and those 
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suffering from frequent severe attacks should 
not fly. The person with mild asthma may 
fly between attacks without difficulty. 
Gastrointestinal ailments in crew mem- 
bers vary in importance according to the 
type of disease. Peptic ulcer, the most com- 
mon chronic gastrointestinal disease found 
in pilots, varies in its importance according 
to the severity of the lesion. A pilot who 
has an acute peptic ulcer with pain and 
who is threatened with perforation or 
hemorrhage should not fly a plane. A pilot 
who has a healed or a chronic ulcer without 
symptoms may be able to fly without too 
great a risk. Certainly a pilot with any evi- 
dence of ulcer should be kept under observa- 
tion for a time to determine the degree of 
severity of the lesion before being allowed 
to fly. A passenger with peptic ulcer can be 
transported with minimal risk except in a 
case of threatened perforation. In this case 
if the patient must be transported by plane, 
he should be flown at a low altitude to 
obviate the danger of increased intragastric 
and intraintestinal pressure due to the ex- 
pansion of gases at increased altitudes. With 
the use of pressurized cabins in planes this 
danger will be entirely removed. 
Gallbladder disease in a pilot should con- 
traindicate his flying because of the danger 
that sudden acute colic might render him 
incapable of flying a plane. Gallbladder 
disease in a passenger in no way should 
interfere with plane travel any more than 
with any other form of travel. The severity 
of chronic diseases of the small and large 
intestine in the pilot will determine his 
ability or inability to fly. In the passenger 
these diseases are usually of little conse- 
quence in determining that person’s risk in 
flying. A disease that is frequently over- 
looked and yet may be of very serious im- 
port in flying is acute gastro-enteritis in the 
pilot. This disease is of importance in the 
pilot because of its frequent occurrence 
and at times its acute debilitating affect 
which may so weaken the patient that he 
is incapable of carrying on his duties as a 
pilot. There have been incidents reported 
in which a pilot has been suddenly pros- 
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trated by acute gastro-enteritis with severe 
vomiting and diarrhea. The sudden exacer- 
bation of the disease when the pilot is in a 
plane may be explained by the hyperirrit- 
ability of the gastrointestinal tract induced 
by motion of the plane and the expansion 
of gastrointestinal gases which occurs at 
altitude. For the passenger this group of 
diseases is of little significance in so far as 
the ability to fly is concerned. 

Genito-urinary diseases do not play an 
important part in aviation either from the 
standpoint of the pilot or the passenger 
unless they are severe. A renal or ureteral 
calculus is always a potential danger in a 
pilot because of the possibility of sudden 
severe colic and collapse. Gonorrhea in it- 
self is no contraindication to a pilot’s flying 
unless his general physical condition is so 
seriously impaired that he cannot properly 
carry out his duties in flying or unléss the 
treatment for the disease might interfere 
with proper flying. 

Active syphilis is adequate cause for sus- 
pending a pilot from flying until the clinical 
signs and symptoms have disappeared and 
until the patient is non-infectious and has 
been adequately adjusted to the disease and 
treatment. With the advances in the treat- 
ment of syphilis which have resulted from 
the use of penicillin and from more rapid 
treatment with the arsenicals and bismuth, 
these requirements can usually be met in 
four to six weeks. It must be emphasized 
that the serologic test for syphilis is not con- 
sidered a test of efficiency of treatment or 
degree of activity of the disease except in 
early syphilis. Therefore, providing the pa- 
tient has been adequately treated and there 
is no evidence of active syphilis, the results 
of the serologic tests may be ignored in 
determining the qualification of the person 
for flying. Syphilis in a passenger does not 
contraindicate flying unless the disease is 
in an infectious stage. 

Diabetes mellitus of even mild degree 
occurring in a pilot should be cause for 
permanent grounding because of the dan- 
gers of diabetic coma and hypoglycemic 
reaction. Observations on passengers with 
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diabetes mellitus have revealed no serious 
effects from flying. Hyperinsulinism from 
any cause is a definite danger when it 
occurs in a pilot. Hyperthyroidism or hypo- 
thyroidism of such a degree as to be clinic- 
ally evident is a contraindication for a 
career of flying; either disease in a passenger 
should in no way interfere with his flying. 

Diseases of the skeletal system, such as 
various types of arthritis, residuals of polio- 
myelitis and fracture deformities, are to be 
judged solely by the amount of mechanical 
interference present in the person handling 
the controls of a plane. 

Aerial transportation of patients who had 
intracranial injuries was accomplished by 
the armed services without adverse effect. 
In order to combat the anoxia of brain 
tissue associated with increased intracranial 
pressure, oxygen should be administered 
from the ground up during flight. Enceph- 
alography or ventriculography within the 
past seven days or any condition in which 
intracranial entrapment of air is demon- 
strated is a contraindication to travel by air. 

The psychotic patient should not be 


transported by air because of the difficulty — 


in controlling him on a plane and because 
of the potential danger that he may get out 
of control and do damage to the ship and 
crew. There is no contraindication for the 
psychoneurotic patient’s flying except that 
these patients are usually more prone than 
usual to suffer from airsickness. 

The patient with severe anemia is al- 
ready suffering from an anemic anoxia. If 
that patient is taken to high altitudes, an 
anoxic anoxia is superimposed and the pa- 
tient may evince clinical signs of anoxia. 
Thus the severely anemic patient should 
receive oxygen on flying to prevent this 
complication. The slightly anemic patient 
can usually be transported by air without 
difficulty because the anemia anoxia is so 
minor. 
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SUMMARY 


The technical advances in aircraft are 
lessening the number of medical contrain- 
dications for flying. The increased efficiency 
of oxygen systems and the increasingly ex- 
tensive use of such systems has made it 
safer now than formerly for the patient with 
hypoxia to fly. This includes the patients 
who have respiratory illnesses, severe or 
complicated cardiac disease and anemia. 
The use of pressurized cabins in aircraft 
will obviate the precautions now necessary 
in transporting patients who are suffering 
from conditions that would be made worse 
by the expansion of intra-abdominal or 
intrathoracic gas which occurs in unpres- 
surized aircraft. Also, as people become 
increasingly accustomed to transportation 
by air and as such transportation becomes 
increasingly safe, there will be a decrease 
in apprehension and thus in nervous stimu- 
lation, with its side effects, for the individual 
in flying. 
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Neuropsychiatric Problems of the Flyer 


R. C. ANDERSON, M.D.* 
Topeka, Kansas 


XPERIENCE Of neuropsychiatrists with 
flying personnel in World War u 
has served to establish the fact that 

the neuropsychiatric problems of such 
personnel are the same as those which 
occur in all other environments. The 
Causative agents are the same and the end 
result is the same. Such a statement may 
seem superfluous at first glance but it 
has not always been generally accepted. 
This is because of the fact that during the 
development of aviation medicine there 
was a tendency for medical men to describe 
entities of disease occurring in flyers largely 
in environmental terms. This disposition 
resulted in a fairly widespread belief that 
many conditions were wholly peculiar to 
flying personnel. This tendency was proba- 
bly more marked in the field of neuro- 
psychiatry than in some others. Most of the 
pioneers of aviation medicine were not 
primarily interested or qualified in neuro- 
psychiatry. Hence the early flight surgeon 
was not familiar with neuropsychiatric 
disorders occurring in any environment. 
Those that he saw occurring in flyers were 
described and thought of as distinct and 
new entities. 

This tendency was productive of such 
terminology as aeroneurosis, aero-asthenia, 
flying fatigue and so forth. These conditions 
. were described by Armstrong’ and others 
quite early. As trained neuropsychiatrists 
began to take a part in aviation medicine 
they recognized that all of this terminology 
was composed of new names for old friends 
—the various neurotic reactions. This 
viewpoint was not greeted with enthusiasm 
or wide acceptance at first by the majority 
of those interested in either aviation or 
aviation medicine. The term “neurosis” 


carried a certain stigma which both the 
aviator and the doctor were loath to associ- 
ate with the highly selected individual who 
was the peacetime flyer. 

While World War u afforded an increased 
opportunity for the consideration of neurotic 
reactions in flyers, it also afforded a further 
opportunity to avoid distasteful terminology. 
The term “war neurosis” came into wide- 
spread use and as applied to flying personnel 
was known as “operational fatigue.” This 
term not only implied a condition peculiar 
to aviation but also to combat or opera- 
tional flying. Actually it was no more 
peculiar to flying than to any other activity 
accompanied by the same type and amount 
of stress and it was likewise not peculiar to 
combat. Grinker and Spiegel? have recently 
stated that war neuroses (including opera- 
tional fatigue) are in reality psychoneuroses. 

The peacetime aviator develops the same 
type of neurotic disturbances as does the 
combat flyer and for the same reasons. The 
incidence is less in the peacetime aviator 
because the quantity of stress is less and the 
individual is more highly selected. Too 
much emphasis should not be placed on 
this last factor however. Selection as nearly 
perfect as is possible will not guarantee 
that the individual will not be subjected to 
intolerable stresses resulting in a neurosis. 
Obviously the possibilities for such stress 
situations are greater in an environment 
with the admitted and ever present dangers 
of aviation than in most other peacetime 
environments. 

The causative agent of the neuroses of 
flyers is anxiety as is true of all other 
neuroses. The individual method of expres- 
sion of that anxiety determines the form of 
reaction presented by the patient. This 
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allows for a wide variation of syndromes and 
symptom complexes. However, allowing 
reasonable latitudes there are certain general 
reaction types which occur more frequently 
than others in flying personnel. One feature 
which tends to distinguish the neuroses of 
the flyer from those of the average individual 
is the strong conscious component which is 
usually present. Often this conscious ele- 
ment is the presenting one, such as “I’m 
scared to fly.”” The doctor: not trained in 
neuropsychiatry is apt to call such a con- 
dition simple ‘‘fear’’ and to overlook its 
true meaning and significance. These facts 
have been nicely described by Bond.’ 


TYPES OF REACTIONS 


Phobias. Of all the neurotic disorders to 
which flyers are subject by far the most 
common is phobia. Not only does this 
phenomenon occur alone but in many 
instances in which other syndromes pre- 
dominate phobic manifestations are accom- 
paniments. A phobia is defined as a morbid 
fear of a specific situation or thing. The 
student of psychopathology knows, how- 
ever, that such a symptom may be a clever 
disguise for the true underlying situation. 
This is especially important to bear in mind 
in the phobias of flyers. 

The conscious expression and presenting 
symptom of the flyer’s phobia usually takes 
the form of a fear of flying a particular type 
of aircraft, or more rarely all aircraft, a 
fear of a particular type of flying such as 
night flying and fear of flying over certain 
types of terrain. Superficially it seems that 
an isolated activity has been made the focus 
of conscious anxiety. This is true but what 
is equally true, and often overlooked, is 
that the same activity is the focus of a 
great deal of anxiety concerning the origin 
of which the individual is unconscious. 

Such a patient is usually able to regard 
his symptoms objectively. However, he 
finds that the amount of anxiety which is 
attached to the specific focus is out of all 
proportion to his conscious desires and 
beyond his conscious understanding. The 
patient can give no reason why flying which 
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was formerly a pleasure has now become a 
source of unreasoning fear. The conscious 
expressions of fear which such a patient 
offers are in reality just as much ‘“‘con- 
versions” as are the more dramatic symp- 
toms of hysteria. The only difference is that 
the symptom is expressed mentally instead 
of physically. 

Very often the fatalistic attitude which 
most experienced flyers adopt sooner or 
later resolves itself in the conviction that 
death in an airplane is inevitable. If the 
flyer is subjected to a series of minor escapes 
from death or considerable time elapses, 
this conviction may be unconsciously ex- 
panded to include the premise that each 
flight will be the last. Often identification 
with a dead friend who was “a better pilot 
than I’? may strengthen this conviction. 
The flyer takes off on every flight uncon- 
sciously saying to himself in the best Holly- 
wood fashion, ‘This is it.”’ 

As such a situation as that described 
continues, the flyer builds up an enormous 
amount of anxiety about the true origin of 
which he is unaware. The fact that some- 
thing does not happen to him becomes more 
disturbing in effect than if something did. 
The next step is the displacement of ‘this 
anxiety to some isolated activity and thus 
the phobia results. The mechanism of dis- 
placement is frequently utilized by the 
neurotic flyer and it, together with identifi- 
cation, accounts for most of his difficulties. 

Perhaps more rarely the true origin of 
the phobia may lie in the flyer’s inter- 
personal relations. Thus he develops an 
aversion to a particular type of plane in 
order that he may be moved from an 
organization in which there is some indi- 
vidual particularly distasteful to him. The 
underlying emotion of hate is not con- 
sciously experienced in such an instance 
any more than is the true fear from which 
the individual in the first group suffers. 

That a large part of the phobia is uncon- 
sciously motivated is attested by the tend- 
ency for such reactions to “‘spread.”” Once 
the pilot has a definite phobia for a particu- 
lar type of aircraft his symptoms are usually 
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not long alleviated by being removed from 
that aircraft. The phobia encompasses 
succeeding types of airplanes, succeeding 
types of flying and so forth, and becomes 
more and more crippling as time progresses. 


Because of these characteristics the prognosis — 


is relatively bad in such a reaction. 

The phobias are usually stubborn and 
resistant to treatment. The underlying 
emotions are firmly repressed and it is 
difficult to bring them to light and develop 
true insight. If the patient attempts to 
carry on as a flyer in the face of his phobia, 
he may have psychosomatic symptoms as 
secondary expressions of his repressed emo- 
tions. ‘“‘Tension headaches,” vertigo and 
so forth are the most common of these. 
Such patients are prone to carry on as long 
as possible since they suffer from the same 
fallacy of conscious reasoning that the 
observer may, and do not wish to admit 
“cowardice.” Such a patient may be quite 
comfortable and symptom-free if not ex- 
posed to the precipitating stimulus. This is 
characteristic of all phobias. Thus the 
flyer may have no further difficulty if he 
renounces flying but obviously this does 
not constitute a cure. 

Anxiety Reaction. Although phobia for- 
mation constitutes one of the most frequent 
neurotic symptoms of the flyer, the syndrome 
designated ‘“‘anxiety state” or “anxiety 
reaction” is the most common generalized 
manifestation. Various phobias may form 
a part of this picture but in the anxiety 
reaction the disturbance of the personality 
is more widespread than in simple phobia 
formation. 

It is the anxiety reaction which formed 
the major part of conditions known as 
‘operational fatigue” in combat flyers. 
However, it can and does occur in non- 
combat flyers. Classically, it may be the 
result either of long-continued minor stress 
or a single overwhelming experience. The 
opportunities for the latter are somewhat 
greater in combat, but it is important to 
bear in mind that the peacetime aviator is 
subjected to long-continued minor stress. 

Characteristically, this reaction takes 
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place in a series of steps denoting its increas- 
ing severity of manifestation. The first of 
these steps is usually disturbances of sleep. 
In the beginning this takes the form of 
difficulty in going to sleep. The patient 
who has been able to dissipate a portion of 
his anxiety and tension in activity during 
the day is unable to do so in the quiet 
immobility and darkness after going to bed. 
Consequently his anxieties seem intensified 
at this time and he is unable to relax and 
go to sleep. When sleep is finally attained, 
the next disturbance is in the form of dreams. 
These are occupational in nature and 
usually involve the patient in frightening 
accidents and emergencies. He dreams of 
crashes, of stalling out and catching on fire. 
Also common is dreaming of unsuccessful 
attempts to land the airplane. These 
dreams are often accompanied by talking 
and even walking in sleep and also may 
awaken the patient. All of these phenomena 
interfere with rest as they persist and increase 
so that the patient has the burden of physical 
fatigue added to his other difficulties. 

The next step in the development of the 
anxiety reaction is the appearance of states 
of partial dissociation of consciousness in the 
daytime. Partially as a result of his dis- 
turbed rest the patient is apt to be subject 
to drowsiness in the daytime. In severe 
cases this may produce the “‘startle reaction” 
to sudden stimuli. Also, as the anxiety in- 
creases the patient logically becomes intro- 
spective and preoccupied with his thoughts 
and his problems which results in a partial 
detachment from his surroundings. 

The next step is the appearance of a 
personality change. This is due to the 
patient’s realization that something is wrong 
and his inability satisfactorily to explain it 
as the result of his introspection. The 
personality change follows -no set pattern 
but usually takes the form of expression of 
characteristics which are opposite to. the 
patient’s usual personality. Prominently 
associated with this is depression of mood, 
which may be severe in degree, and extreme 
irritability. The latter may be the most 
prominent feature to the casual observer. 
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The patient is also self-conscious and may 
develop mild ideas of reference, believing 
that others are ‘‘watching” him, and so 
forth. | 

Accompanying all this are the usual 
somatic concomitants of anxiety. The pa- 
tient experiences palpitation of the heart, 
dyspnea and urinary frequency. Loss of 
appetite is common and contributes to loss 
of weight. Objectively the patient shows 
coarse tremors. The use of tobacco and 
alcohol may become excessive. 

The success of treatment of this condition 
varies with the stage in which it is recog- 
nized. In common with all neurotic dis- 
orders the earlier treatment is begun the 
better is the prognosis. If the condition is 
recognized in the earlier stages of disturb- 
ances of sleep and fatigue, excellent results 
may be obtained by temporary respite from 
flying duties, sedation and simple explana- 
tion and reassurance. Beyond this stage 
psychotherapy must be much more intensive 
and results are not nearly so encouraging. 
The most common mistake which is made 
is to expect that grounding the patient will 
relieve the symptoms of a fully developed 
and long-established neurosis. Simply re- 
moving the stimulus does not alter such 
behavior patterns once they are firmly 
established and this fact has been a source 
of disappointment and misunderstanding 
to the patient and physician alike. Rest 
alone does not cure neuroses. 

Reactive Depression. As indicated in the 
preceding section reactive depression may 
be a symptom of some of the other types of 
disturbance. However, more rarely this 
may be the predominant reaction. The 
depth of depression may be great and it 
may be difficult to distinguish from a true 
depression. 

The more severe forms of reactive depres- 
sion in flying personnel are usually the 
result of identification with dead friends or 
the assumption of responsibility for the 
death of others in crashes and collisions. 
Very often the true underlying cause may 
be repressed hostility toward those who are 
dead. In the opinion of this writer, however, 
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such ambivalence is not necessarily present 
and straight identification can occur with- 
out it. 

The individual who has identified himself 
with a dead friend or associate may arrive 
at the same conclusions regarding the 
inevitability of death in an airplane as was 
described in the discussion of phobias. 
Instead of a phobia a profound depression 
may develop as the result chiefly of his own 
personal characteristics. Those who develop 
depressions in such circumstances are usually 
somewhat immature and narcissistic in 
their personality make-ups. I have seen 
several such patients in whom a lifelong 
phobia of death itself was accompanied by 
childish fantasies of never growing old or 
never getting sic! 

The patient with a moderate reactive 
depression is frequently overlooked by his 
lay associates and sometimes by the physi- 
cian. This is especially dangerous because 
the retarded psychomotor processes of such 
an individual may constitute a real menace 
to the safety of himself and others if he 
continues to operate an airplane. Careful 
investigation should be made of those flyers 
who are often described as having lost 
interest or being difficult to deal with. 
Patients with severe cases are usually 
recognized easily. The patient shows a 
facies of hopelessness, retardation of thought 
and activity and has loss of appetite, sleep- 
lessness and so forth. Overlooking a patient 
with reactive depression or forcing the 
aviator so affected to fly may result in 
suicide. The airplane is a convenient instru- 
ment of self-destruction which may explain 
some ‘‘unexplained”’ crashes. 

Fortunately this group of patients proba- 
bly responds better to treatment than any 
of the others if that treatment is prompt 
and intelligent. It goes without saying that 
the patient must be temporarily suspended 
from flying duties. He then must be given 
insight into his identifications, and the lack 
of logic for his assumption of responsibility 
for matters entirely beyond his control must 
be pointed out. This type of patient is always 
wholly unconscious of these matters. If the 
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patient is intelligent and the therapist is 
skillful, the response to this type of manage- 
ment is dramatic. The patient may show 
an almost complete reversal of attitude in a 
short time. 

Neurasthenic Syndrome. Prominent among 
the neurotic disturbances of flyers is the 
neurasthenic syndrome. This is the result 
of displacement of anxiety arising from 
other sources to the focus of physical symp- 
toms. The neurasthenic flyer does not differ 
clinically from his counterpart in any other 
activity but, as has been pointed out, the 
environment of flying itself may provide him 
with some anxiety which he may choose to 
handle in this manner. The neurasthenic 
type of reaction tends to be insidious in onset 
and consequently is not usually seen as the 
result of one or two severe traumatic experi- 
ences. Rather, it develops gradually as the 
result of minor and long-continued stress. 
It is important to bear in mind that the 
responsible factors may be wholly unrelated 
to flying. 

The neurasthenic syndrome is usually 
the response of individuals who are unhappy 
and dissatisfied with their environment in 
general. Many flyers learn that their pro- 
fession is not all glamour but are either 
unprepared for other activities or unwilling 
to admit failure. They may express the 
anxiety arising from this situation as anxiety 
concerning their physical health. Their 
symptoms are of the hypochondriacal type 
familiar to every physician. 

The symptoms of the neurasthenic flyer 
in themselves do not prevent him from 
flying. Usually he expresses himself as 
believing that he should not fly until they 
have been alleviated, or that he cannot be 
expected to fly efficiently feeling as he does. 
No anxiety is ever expressed directly related 
to flying. The patient is perfectly willing to 
fly and desires to fly even if he is told that 
this is inadvisable. The only concern which 
the patient expresses is in regard to his 
health and he is persistent in his efforts to 
improve it. Often in flyers the symptoms 
may take the form of exaggerating physical 
defects. Thus the mild sinusitis becomes 
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worse, there is increasing difficulty in 
clearing the ears and so on. 

All neurasthenic patients are relatively 
recalcitrant to treatment and flying person- 
nel is no exception. The reaction is usually 
related to deeply-seated personality traits 
which are difficult to modify. Successful 
treatment of any neurasthenic usually in- 
volves an extensive alteration of the pati- 
ent’s environment. If the flyer’s difficulties 
do not stem from flying itself, this may be 
accomplished. If the patient’s basic diffi- 
culty is flying, he cannot be successfully 
treated as a flyer. Those patients in whom 
actual organic defects are exaggerated are | 
especially difficult to deal with. A word of 
caution is in order concerning the sympto- 
matic treatment of the neurasthenic patient. 
This is frequently done and results in the 
physician’s literally “‘chasing” the symptoms 
all over the patient’s body. The patient 
may be expected always to remain one step 
ahead of the treatment by the mechanism 
of displacement. Some neurasthenic flyers 
may continue to function somewhat ineffici- 
ently as flyers in peacetime aviation. Obvi- 
ously this is not desirable from the viewpoint 
of either the patient or others. 

Conversion Phenomena. Hysterical con- 
version phenomena of the dramatic and 
obvious type usually described are not too 
common in flying personnel. It is generally 
recognized that these phenomena have had 
a decreasing incidence in general for the 
past several years. An occasional flyer, 
particularly the neophyte, may develop the 
classical paralysis or anesthesia identified 
with hysteria but this is relatively rare. 
During the war a few cases of hysterical 
amblyopia were reported including a case 
in which a totally “blind” cadet was safely 
guided to a landing. 

It has been established fairly recently, 
however, that flying personnel do present a 
fairly large number of conversion phe- 
nomena which are much more obscure and 
can be detected only by painstaking in- 


vestigation in many instances. These are 


chiefly related to the special senses and are 
often of a type which do not totally in- 
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capacitate the flyer but protect him from 
special types of flying. From the beginning 
of aviation sufficient medical emphasis has 
been placed on the senses of sight and hear- 
ing for their importance to be thoroughly 
appreciated, and perhaps overestimated, 
by the flyer. Hysterical symptoms referable 
to these functions therefore are quite logical. 

Such symptoms usually take the form of 
mild impairment of visual acuity, depth 
perception, night vision or hearing. Dim- 
inution of visual acuity is a common 
response to an aversion for instrument fly- 
ing. The weakened eyes cannot tolerate the 
strain of continued observation of instru- 
ments. Similarly, disturbances of depth 
perception are utilized as protection against 
formation flying and to explain poor landing 
technics. Defective night vision protects 
from night flying. Many cases of “‘aviation 
deafness” occurring in young flyers with 
only 300 or 400 hours of flying experience 
are hysterical in origin. Often they do not 
bother the individual except with reference 
to the intercommunication system. Thus he 
cannot instruct and communicate with his 
student, he cannot fly multiplaced ships and 
converse with his crew. Defective hearing is 
also utilized to protect from instrument fly- 
ing and in many instances the flyer can 
hear everything perfectly with the sole ex- 
ception of the radio “beam.” Very few 
such patients are malingerers as might be 
expected. The deception of the true ma- 
lingerer is not readily exposed and is not 
influenced by suggestion as are the symp- 
toms of these patients. As is characteristic 
in all cases of hysteria the patient accepts 
his disability philosophically and is anxious 
to carry on as best he can in the presence of 
the impairment. 

Symptoms of this type are amenable to 
treatment as far as their removal or im- 
provement is concerned and respond readily 
to simple suggestion and reassurance. How- 
ever, this in no way guarantees against 
their recurrence or the substitution of new 
symptoms. Consequently, for the flyer who 
has this type of reaction the prognosis for 
future usefulness in flying is guarded. In 
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peacetime aviation it may be possible to 
assure that such a flyer need not participate 
in those types of aviation distasteful to him. 

Psychosomatic Disturbances. ‘This is a group 
of conditions often confused with conversion 
phenomena. In these conditions, however, 
the symptoms do not represent the con- 
version of anxiety into the physical symp- 
toms of hysteria. Instead, they represent the 
individual’s expression of anxiety through 
lower visceral centers. One of the best 
descriptions of this group of disturbances 
has been given by Grinker and Spiegel.? 

Recognition of psychosomatic diseases 
has increased greatly as a result of the war 
just concluded... By and large they formed 
the largest problem with which the military 
physician had to deal. The visceral system 
most often disturbed was the gastrointes- 
tinal system and if one considers the early 
steps of personality development the use of 
this system by the patient to express emo- 
tion becomes quite logical. Most of the 
““dyspepsias,”’ “‘ulcer syndromes” and so 
forth seen in American troops had their 
origin here. This fact was also recognized 
by our enemies although their understand- 
ing of the etiology may have been imperfect. 
The surgeon of the German Luftwaffe is 
quoted as having said, ‘““The psychological 
diseases of World War 1 become physio- 
logical diseases in World War u. The soldier 
who had an hysterical paralysis in World 
War 1, vomited in World War u.’’4 

With reference to the flyer this group of 
disorders is probably of most significance in 
relation to so-called airsickness. It is not 
meant to imply that airsickness, or prefer- 
ably motion sickness, does not exist on an 
etiologic basis which is chiefly physiologic. 
A few simple experiments with exposure to 
the effects of motion will convince the most 
confirmed skeptic of that. In common with 
most disturbances of the human organism, 
however, this is one in which it is most often 
impossible to draw a hard and fast line 
between the psychic and somatic factors re- 
sponsible. About the most that can be hoped 
for is to determine which factor seems to 
predominate in the given case. There are 
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many cases of airsickness in which the 


psychic factor predominates to the extent 


that the physical one is of negligible 
importance. 

In many cases of airsickness it can be 
readily demonstrated that there is little or 
no relationship between the symptoms and 
motion or other purely physical factors. 
This includes those patients in whom vomit- 
ing is precipitated by the sight of an airplane 
or begins before the plane is air-borne. 
The fact that some of these patients respond 
to various motion sickness preventatives 
does not alter the basic premise. Most of 
these remedies are composed of sedative 
drugs in various combinations. Many ex- 
perienced flyers who are ordinarily not 
susceptible to motion sickness recognize the 
fact that they are more apt to be susceptible 
if they are “nervous” or worried about 
something. Some cases of airsickness may 
represent conversion phenomena but ordi- 
narily the hysterical patient does not choose 
symptoms so disagreeable and prostrating 
as these. Occasionally the flyer may be 
subject to diarrhea just prior to flights or 
after their conclusion. This is another way 
in which the gastrointestinal tract “speaks.” 
The writer has seen one high-ranking flyer 
officer of long experience in whom this was 
a regular phenomenon. 

The treatment of these disturbances fol- 
lows that of all other psychosomatic com- 
plaints. Most important is the recognition 
of the true underlying etiology. Intelligent 
patients under skillful therapists make ex- 
cellent recoveries in many instances fol- 
lowing the development of insight. As in 
all other forms of psychotherapy much 
depends upon the therapist, the transference 
he can establish and the reassurance he can 
give. In military aviation the time involved 
in dealing with such patients is usually not 
available as a routine procedure. In the 
case of the peacetime flyer and in key per- 
sonnel it might be. 


SUMMARY 


The foregoing constitutes a general de- 
scription of the psychiatric ills to which the 
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flyer is heir. It is easy to recognize the fact 
that leaving the earth for the alien environ- 
mentof the atmosphere produces no new syn- 
dromes. The individual personality continues 
to react with its environment in much the 
same ways regardless of what the environ- 


_ ment may be. Some environments may con- 


tain more situations of stress and hence be 
productive of a relatively higher incidence of 
neurotic reactions than are others. The 
individual’s response to stress tends to be 
the same regardless of where he may be. 
Since this is true it goes without saying that 
the neuropsychiatric problems of the peace- 
time aviator are qualitatively the same as 
those of the combat flyer. Quantitatively 
there may be some difference. 
The most important point to bear in mind 
is that the best treatment of these reactions 
is prophylaxis. In war this is vastly more 
difficult than in peace. All flyers should be 
assured of adequate rest and relief from 
flying duties so that they do not become 
‘*stale.”” Adequate recreational outlets for 
the increased tension borne in the air 
must be provided and encouraged. Early 
symptoms of impending neurotic disorders 
and psychosomatic disturbances must be 
promptly recognized, their basic origin de- 
termined and appropriate psychotherapy 
begun before irreversible behavior patterns 
are established. The physician must be 
aware of the potentialities present and not 
be content to give the patient ever changing 
symptomatic treatment. In short, the in- 
telligent management of the neurotic flyer 
is the same as the intelligent management 
of all other neurotics. It follows that the pro- 
cedures of mental hygiene are also the same. 
A final word of warning is in order con- 
cerning an old fallacy that all neurotic 
disorders might be prevented in flyers and 
others by proper selection of personnel. 
The experience of the war has shown this 
not to be true. This is because even the 
most stable and well adjusted personalities 
do not represent perfection. Consequently 
there is always a weak spot in the person- 
ality armor which may succumb only to a 
specific stress to which it is sensitive. It is 
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impossible to predict whether or not the 
individual will be exposed to the specific 


stress he cannot tolerate. In some of course. 


the weak spot is large. In others it is small. 
So-called predisposition is important, there- 
fore, in a quantitative sense but to a 
considerable degree all individuals are 
predisposed. 

Another fallacy exploded by the war is 
that the known neurotic cannot fly suc- 
cessfully. Hastings, Wright and Glueck’s® 
report of 150 successful combat pilots, 50 
per cent of whom had histories of pre- 
existing instabilities sufficient to be consid- 
ered evidence of neuroticism by most stand- 
ards, serves to emphasize this point. In 
many cases flying itself may afford the 
individual relief from his basic conflicts 
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and an outlet for his basic anxieties. ‘This is 
not meant to imply that neuroticism is a 
favorable characteristic. All things being 
equal the efficiency of the non-neurotic is 
likely to be greater than is that of the man 
who starts any activity with a neurosis 
already established. 
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Use of Drugs at High Altitude 


K. Situ, ph.p.* 
Washington, D.C. 


T is important to determine if drugs 
frequently employed in aviation medi- 
cine act differently at high altitudes. 

Modification of action under such condi- 
tions might occur because of diminished 
barometric pressure, partial anoxia or ex- 
treme cold. Various attempts have been 


made to use drugs to improve altitude 


tolerance and to relieve the pain of decom- 
pression sickness. Evidence is lacking that 
many substances actually increase altitude 
tolerance. It is unlikely that any drug will 
be more than moderately effective so far as 
intensity or duration of action is concerned. 
During the war emphasis was placed, almost 
certainly correctly, on improvements in 
oxygen equipment rather than on tempo- 
rary and uncertain measures designed to 
enable men to get along with unsatisfactory 
equipment. 

Various dietary factors have been given 
considerable attention in the belief that 
such measures would be more lasting and 
physiologic. It is suggested from studies of 
visual’ and psychomotor? performance that 
the ingestion of large amounts of glucose 
will improve performance under hypoxic 
conditions. There is some evidence that a 
low blood sugar interferes with oxygena- 
tion of the central nervous system*‘ so that 
a simultaneous mild hypoxia and hypo- 
glycemia produce symptoms similar to 
those associated with severe oxygen lack 
and normal blood sugar. This may be 
justification for supplying foods rich in 
carbohydrate to personnel immediately be- 
fore they fly to high altitudes.* Experimen- 
tally 50 Gm. or more of glucose has been 
employed with moderate improvement in 
performance. 

Some time ago it was reported that ani- 


mals on a carrot diet were more resistant 
to the lethal effects of hypoxia than animals. 
on an ordinary diet.*’ This has been con- 
firmed® but when a loss of reflex response .- 
or electroencephalograms were used as 
criteria’ no improvement was noted. So far 
no dietary factor other than glucose has 
been demonstrated to be of definite value. 

Experimentally, subconvulsive doses of 
apomorphine, camphor, tetrazol, potassium 
cyanide and strychnine have all been shown 
to protect against the lethal effects of 
anoxia in mice but the respiratory stimulat- 
ing effect may have been the most important 
factor.'° Under similar conditions full nar- 


‘cotic doses of ethyl alcohol are effective, 


perhaps through a general reduction in 
metabolism with a subsequent diminution 
in oxygen requirement." Anesthetic doses 
of amytal or of pentobarbital sodium were 
not beneficial but moderate doses’ of di- 
phenylhydantoin sodium gave some ppfo- 
tection. Further studies of agents affecting 
the autonomic nervous system’* revealed 
that cholinergic and sympathicolytic. drugs 
protected against the lethal effects of acute 
anoxia in mice but adrenergic agents in- 
creased the lethal effects. In general, drugs 
which increase the metabolic rate, such as 
thyroxine and dinitrophenol,'* diminish 
hypoxia tolerance. 

Several studies have shown that the 
adrenal cortex is involved in some manner 
with tolerance to oxygen deficiency.'*'® 
During the initial phase of anoxia the blood 
sugar is normal and the amount of glycogen 
stored in the liver is diminished. This may 
result from an increased utilization of carbo- 
hydrate. Further adaptation to anoxia in- 
volves increased protein catabolism with 
a rise in carbohydrate stores ‘and an increase 
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in urinary nitrogen. These changes did not 
take place in the absence of the adrenal 
cortex and injections of adrenal cortical 
extracts'® greatly increased the survival 
rate. Desoxycorticosterone acetate and 17- 
hydroxycorticosterone were ineffective. In 
spite of the promising experimental evidence 
of effectiveness there are no clinical data to 
justify the use of cortical extracts to increase 
hypoxia tolerance. 

Since carbon dioxide is such an effective 
respiratory stimulant, several attempts have 
been made'’~” to utilize it to increase 
anoxia tolerance. Its effectiveness has not 
been established with certainty but the 
ultimate result seems to depend on whether 
or not the inevitable reduction in alveolar 
oxygen tension is more than compensated 
by increased minute respiratory volume, 
cerebral vasodilatation and shift in the oxy- 
hemoglobin curve. 

Under conditions of partial anoxia certain 
analeptics such as benzedrine, desoxyephed- 


rine (methedrine) and caffeine improve 


psychomotor performance.*?%?! There is 
some evidence that benzedrine is superior 
to caffeine for this purpose. Whether or not 
a mild respiratory stimulating effect of the 
drugs could be responsible for the result is 
not known. 


DRUGS ALLEGED TO REDUCE HYPOXIA 
TOLERANCE 


It has been important to determine 
whether or not certain drugs sometimes ad- 
ministered routinely to flying personnel, 
such as the antimalarial drugs and the 
sulfonamides, diminish altitude tolerance. 
This has presented problems of measure- 
ment of great complexity since it is insuff- 
cient to know merely that such drugs do 
not of themselves endanger life at high alti- 
tudes, but whether they interfere in any 
way with the most efficient performance of 
duties. Obviously only study of human sub- 
jects is satisfactory and this requires careful 
evaluation of such factors as adaptation, 
learning and motivation. These problems 
have been partially solved by the use of 
multiple psychomotor tests.”? 
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Because of the use of sulfonamides in 
ambulatory patients, several studies have 
been made of the effects of these on the 
performance of certain tasks. If anemia or 
methemoglobinemia is associated with the 
administration of a sulfonamide, there is 
little doubt that hypoxia tolerance is re- 
duced. This rarely occurs, however, except 
with sulfanilamide and since clinically this 
drug has been replaced by less toxic ones 
the danger from such an effect is small. 
Moderate doses of sulfanilamide affected 
an adversely psychomotor performance™ 
but under similar conditions sulfathiazole 
and sulfadiazine were without effect. How- 
ever, some studies of sulfathiazole and 
sulfadiazine show that visual depth percep- 
tion and the muscle balance of the eyes is 
affected** although no differences in mental 
efficiency or hand-eye coordination were 
Tests at simulated alti- 
tudes?*-?* have failed to show any decrement 
in psychomotor performance with either 
sulfadiazine or sulfathiazole. 

The antimalarial drugs have been widely 
employed in suppressive doses and it 
has been necessary to determine carefully 
whether or not they interfere with flying 
efficiency. Many of the toxic effects of 
quinine, such as visual and auditory dis- 
turbances, will obviously interfere as will 
the irritating effects of quinacrine hydro- 
chloride (atabrine)*’ on the gastrointestinal 
tract, but more attention has been directed 
to determining if reduction in oxygen ten- 
sion will accentuate these effects or intro- 
duce new ones. Fortunately quinine, ata- 
brine?’ and chloroquin”™® are not demon- 
strably more toxic at 18,000 feet simulated 
altitude than at ground level. 

Because of the frequent use of morphine 
in battle casualties and its known ability 
to depress respiration, studies have been 
made to determine if the toxic effects of 
morphine are enhanced at high altitudes. 
One early study on mice® revealed a 
marked increase in fatality rate; all animals 
who received morphine died at 27,500 feet 


- and all controls survived. Other studies on 


human subjects have revealed no serious 
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respiratory depression®”*! although main- 
tenance of blood oxygen varied in different 
subjects. It was somewhat diminished in 
those subjects whose reflex excitability was 


poor. 
RELIEF OF DECOMPRESSION PAIN 


Little progress has been made in the 
search for drugs for the relief of decom- 
pression pain. Because of its respiratory 
depressant effects, there is some hesitancy 
_ to use morphine but a more serious objec- 

tion is its relatively slow onset of action*! 
in a condition which frequently will lead 
to serious collapse. Certain, more rapidly 
acting analgesics are suggested and some 
preliminary studies in which an ampoule of 
trichlorethylene was crushed in the oxygen 
inlet showed that it had promise as an 
analgesic, but it occasionally gave rise to 
cardiac disturbances and it should be used 
with caution if at all. A 20 per cent mixture 


of nitrous oxide is known to be a good. 


analgesic*? but such a mixture with oxygen 
may be explosive. The synthetic analgesic, 
demerol, is almost as slow in its action as 


morphine after subcutaneous administration. 
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Treatment of Airsickness with Drugs 


K. Smitu, ph.p.* 
Washington, D.C. 


IRSICKNESS is a form of motion sick- 
A ness to which most people probably 
are susceptible depending on the 
duration of flight, type of plane, position in 
plane and the weather as well as other 
undetermined factors. Certain factors, such 
as apprehension and fear, are believed by 
some to be more important in airsickness 
than in other forms of motion sickness. Air 
passengers in both military and civilian life 
may have had but little flying experience 
or may fly so infrequently that adaptation 
does not occur. It is in this group that drugs 
may be of greatest value. Studies in the air 
forces have shown that the incidence 
diminishes rapidly with experience in the 
air.! 

The movement of aircraft is highly erratic 
and depends on the type of aircraft and the 
weather conditions to so large an extent 
that other devices have been used for pro- 
ducing motion sickness. The most widely 
employed has been the simple swing.’ 
Others have included vertical accelerators® 
and rotating chairs.‘ 

A drug for the relief of airsickness should 
prevent airsickness without producing any 
other pharmacologic effects. It should be 
active after oral administration and the 
onset of action should be immediate. It 
should not be toxic, habit-forming or cause 
disagreeable symptoms. At present remedies 
are available which will decrease the inci- 
dence of airsickness to about one-third 
without producing appreciable side effects. 
In general the drugs used have been those 


that have been employed in seasickness or ~ 


drugs related to these. Most of them are 
either central nervous: system depressants 
such as barbiturates, central nervous system 
stimulants such as benzedrine or para- 


sympatholytic agents such as drugs of the 
atropine series. Various criteria have been 
employed in evaluating the remedies but in 
general vomiting alone as the chief criterion 
is usually the most reliable. 

It is surprising that many studies have 
been made on motion sickness with mixtures 
of drugs without first determining the 
effectiveness of the component drugs. Fre- 
quently the central nervous system stimu- 
lants have been incorporated to prevent 
undue depression and in some as many as 
seven different drugs have been employed 
simultaneously.‘ 

The most promising group of drugs have 
been those with parasympatholytic action 
such as atropine and related drugs. Of 
those of demonstrated effectiveness, atro- 
pine, hyoscyamine and hyoscine (scopola- 
mine) are the most effective. On the basis 
of their effect on motion sickness alone there 
is not much difference between these three 
drugs. However, it has been demonstrated 
that the suppression of salivation is less with 
hyoscine than with atropine or hyoscyamine 
when they are all used in effective doses.° 
For this reason hyoscine has been employed 
most frequently although there is little evi- 
dence that it is actually superior in its 
ability to relieve motion sickness. It has 
been shown to be effective in seasickness,°® 
swing sickness’ and airsickness.*:* The doses 
that have been employed most commonly 
are 1.0 mg. of atropine sulfate or of hyo- 
scyamine hydrobromide or 0.65 to 0.75 mg. 
of hyoscine hydrobromide. The onset of 
action after the oral administration of the 
drug is not very rapid, about one hour 
being required for an appreciable suppres- 
sion of salivation. The actual duration of 
action of these drugs is not known but there 
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is some evidence from studies on swing sick- 
ness that the effectiveness lasts for approxi- 
mately six hours. 

The central nervous system stimulants 
that have been employed include ephedrine, 
benzedrine and methedrine (desoxyephe- 
drine). There is not sufficient evidence to 
justify the belief that they are effective 
remedies for motion sickness, either alone 
or when incorporated with other substances. 
These drugs are usually used in combina- 
tion with central nervous system depres- 
sants in an attempt to prevent undue 
depression without detracting from the 
effects of the drugs on motion sickness. 

The barbiturates are of particular inter- 
est because many of them had been incor- 
porated in drugs for treatment of motion 
sickness and have been widely employed 
without definite knowledge of whether the 
barbiturates themselves contributed any- 
thing to the effectiveness of the remedy. 
In the opinion of some’® the action of the 
barbiturates and thiobarbiturates in motion 
sickness is not related to the depressant ac- 
tion on the central nervous system. Several 
barbiturates have been studied including 
the long-acting ones such as sodium barbital 
and phenobarbital and the shorter-acting 
ones such as amytal, pentobarbital sodium 
and seconal. Although occasionally some 
studies have shown them to be partially 
effective, a careful review of the results 
obtained reveals that their use in treatment 
of motion sickness'’ is not justified. 

The thiobarbiturates have been studied 
for the relief of motion sickness because of 
the possibility that these compounds, many 
of which have been known to produce ac- 
tual central nervous stimulation, would be 
effective in motion sickness yet not produce 
undue depression. Noble, in the Canadian 
laboratories, has studied several of these 
and one of them, ethyl-8-methylallyl thio- 
barbituric acid, was shown to be moder- 
ately effective in swing sickness.'® Later 
studies of seasickness and swing sickness!” !* 
did not reveal such dramatic results. This 


thiobarbiturate has a long-continued action 
and Noble has stressed the value of pre- 
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treatment with the drug. This of course 
would impair its usefulness in airsickness. 

Several vitamins have been employed ex- 
perimentally for the relief of motion sickness 
and some of them have been incorporated 
with other drugs. Because of its dilating 
effect on cerebral vessels, niacin (nico- 
tinic acid) has been employed in mixtures 
in an attempt to increase the concentration 
of alkaloids in the cerebral circulation. 
Some early results in swing sickness led to 
its adoption as one of the components of 
the Canadian seasickness remedy, but later 
studies have failed to confirm the beneficial 
effects'® and it is now generally believed 
that it has not contributed to the effective- 
ness of this remedy. Thiamine has been 
demonstrated to be without appreciable 
effect in swing sickness.'* Pyridoxine has 
been used in the treatment of nausea and 
vomiting of pregnancy'*'* and the nausea 
and vomiting associated with radiation sick- 
ness.'’ This led to its study in swing sickness 
but it was not demonstrated to be effective.'*® 

In an attempt to overcome the depressing 
effects on salivation of atropine-like drugs, 
neostigmine bromide was employed in 
combination with hyoscine,'* atropine’ or 
syntropan.'* In no case was the observed 
protection increased appreciably by the 
neostigmine. 

Many of the drugs proposed for use in 
airsickness may produce, when given in 
large doses, sufficiently severe side effects 
to preclude their use by personnel other 
than passengers. Of the atropine-like drugs 
the principal effect is dryness of the mouth 
associated with the decrease in flow of 
saliva. This occurs to a significant extent 
with the more effective atropine-like drugs 
although the depression of salivary secre- 
tion is not closely associated with the effec- 
tiveness of the drug in swing sickness.* In 
a study of performance, in which addition 
and decoding tests were used for testing 
intelligence and pursuit meters and steadi- 
ness tests for testing psychomotor perform- 
ance, no significant effects were observed 
after the administration of 0.5 mg. hyoscine 
hydrobromide’ either at ground level or at 
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18,000 feet simulated altitude. Although the 
near point of accommodation was not 
affected by any atropine-like drugs in the 
doses commonly employed, Keil has shown’® 
that doses of hyoscine greater than 1.5 mg. 
produce effects on accommodation and sig- 
nificantly lower visual efficiency in many 
individuals. Administration of a dose of 1.5 
mg. Or more would correspond to the simul- 
taneous administration of more than two 
of the commonly employed doses of hyo- 
scine. Significant deleterious effects on 
vision were not observed in navigation stu- 
dents either in the Navy® or the Army Air 
Forces*® when hyoscine was employed for 
airsickness. These are rather critical groups 
for such a study since they fly rather long 
missions and during most of the time are 
working on charts and instruments that 
require good near vision. In another study 
of possible side effects of hyoscine that might 
be of importance it was found that neither 
hyoscine nor hyoscyamine had any obvious 
effect on physical performance, ability to 
shoot'* or near vision. Other studies have 
shown that hyoscine is unlikely to have any 
deleterious effect due to diminution of 
sweating unless given to men on the border 
line of heat stroke.® 

As is to be expected the ordinary barbi- 
turates may produce considerable central 
nervous system depression although the 
doses ordinarily employed are smaller than 
those commonly used for hypnosis. In a 
comparative study of the Royal Canadian 
seasickness remedy (containing hyoscine, 
hyoscyamine and niacin), the army motion 
sickness remedy (containing hyoscine, atro- 
pine and niacin) and hyoscine alone" the 
effects were placed in two categories: those 
in which the subjects complained of a hot, 
dry feeling, dry mouth and bleariness of 
vision and those in which the primary sensa- 
tion was that of being doped or drugged 
with the most common complaint being 
sleepiness. Most of the complaints of those 
taking the Canadian seasickness remedy 
were of the second type with the fewest 
complaints being made by the group taking 
hyoscine alone. 
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An analysis of the effects of drugs on mo- 
tion sickness suggests that central mecha- 
nisms at a cortical level are of no greater 
importance in airsickness than in other 
forms of motion sickness. Evidence for this 
is: (1) the correlation between the effects 
of various drugs in swing sickness, seasick- 
ness and airsickness; (2) the lack of effec- 
tiveness in any type of motion sickness of 
cortical depressants such as barbiturates 
and chlorobutanol; (3) the failure of epine- 
phrine to increase the susceptibility to mo- 
tion sickness and (4) the lack of evidence 
that drugs effective in motion sickness are 
depressants of the central nervous system. 
In connection with the last it is common to 
suppose that hyoscine is a depressant of the 
central nervous system although in thera- 
peutic doses it is a respiratory stimulant. 
The evidence on this point is incomplete 
but observations that mixtures of hyoscine 
and morphine are depressant are scarcely 
relevant. It is apparent that since motion 
sickness is not amenable to therapy in all 
Cases it is quite possible there may be cases 
in which cortical factors are of decisive 
importance. 

Of all the drugs that have been investi- 
gated so far only those of the atropine series 
are of consistently demonstrated value in 
the prevention of motion sickness. Of these, 
hyoscine is the most promising one because 
of its high degree of effectiveness and rela- 
tive freedom from undesirable side effects. 
The dose of hyoscine hydrobromide ordi- 
narily employed is 0.65 to 0.75 mg. repeated 
not more often than once in six hours. The 
dose of atropine ordinarily employed is 1.0 
mg. with the same time interval elapsing 
between successive doses. The onset of ac- 
tion of ‘these drugs is approximately one 
hour. | 

There is not sufficient evidence of their 
effectiveness to warrant the use of barbi- 
turates, vitamins or central nervous system 
stimulants in motion sickness. 


1. Hemincway, A. and Green, A. L. Incidence of 
airsickness in cadets during their first ten flights. 
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Clinical Studies 


Quantitative Estimation of the Albumin and 
Gamma Globulin in Normal and Pathologic 


Cerebrospinal Fluid by Immunochemical 
| Methods 


Ervin A. Kabat, Ph.p., MuRRAY GLUSMAN, M.D. oad VESTA KNAUB 
New York, New York 


cerebrospinal fluid, the usual chem- 
ical methods of fractionation used 
to measure albumin and globulin in serum 
are not applicable. Detection of increases 
in the globulin in cerebrospinal fluid is 
generally carried out by procedures such 
as the colloidal gold test':? which does not 
provide a direct measure of the gamma 
globulin but depends on the relative pro- 
portions of albumin to gamma globulin.’ 
Sensitivity of the gold sol used in different 
laboratories varies greatly and unless the 
test is carried out by the improved technics of 
Lange‘ it is of value chiefly in diagnosis 
of paresis. Whereas electrophoretic studies 
of cerebrospinal fluid* have demonstrated 
that much of the cerebrospinal fluid protein 
was derived from the plasma and have 
provided a direct quantitative measure of 
the various proteins present, the large 
quantities of cerebrospinal fluid needed 
for examination precluded electrophoretic 
analysis as a routine diagnostic procedure. 
The methods of quantitative immuno- 
chemistry appear ideally suited for the 
estimation of such small amounts of protein. 
Heidelberger and Kendall® first used the 
quantitative precipitin method for the 
estimation of small quantities of -specific 
* From the Departments of Neurology and 


B= of the low protein content of 


polysaccharides and subsequently Goettsch 
and Kendall* applied the procedure to the 
estimation of albumin and globulin in 
serum. In subsequent studies the technic 
was applied to pathologic sera, lymph, 
ascitic fluid, edema fluid’”*® and its applica- 
tion to cerebrospinal fluid has been sug- 
gested. Data on the amounts of Bence 
Jones protein in the serum of a patient with 
multiple myeloma’ have also been ob- 
tained immunochemically. More recently 
Chow" has shown that values for plasma 
albumin obtained by the quantitative 
precipitin method were in general agree- 
ment with those obtained from electro- 
phoretic analysis. Several authors'*** report 
other applications of immunochemical 
methods. 

The method requires immunization of 
rabbits with relatively pure preparations of 
the proteins to be assayed and absorption | 
of the sera to eliminate antibodies other 
than those to the desired constituent. A 
calibration curve is then prepared by the 
addition of increasing quantities of the 
antigen to a measured volume of antiserum, 
the precipitates centrifuged off, washed 
twice in cold saline to remove non-specific 
protein and analyzed for nitrogen. To assay 
an unknown cerebrospinal fluid an appro- 


of Physicians and Surgeons, Columbia Uni- 


Bacteriology, College 
versity and the Neurological Institute, New York, N. Y. The work reported in this communication was supported by 
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priate dilution of the fluid is added to 
another portion of antiserum, the precipi- 
tate washed and analyzed and the content 
of antigen in the volume of diluted fluid 
added is read off from the calibration curve 
and the albumin or globulin content of the 
undiluted cerebrospinal fluid computed; as 
the method has been developed analyses 
and calibration curves are valid only in the 
region of antibody excess.'?~ 

Among the factors which have retarded 
adoption of the quantitative precipitin 
method for routine clinical use has been the 
necessity for the preparation of antigens and 
antisera. However, large quantities of puri- 
fied plasma proteins have now become 
available’® and it does not seem unreason- 
able to expect that even specific anti- 
sera might become available commercially 
should the demand warrant. 

The present communication outlines the 
use of the quantitative precipitin method 
for the estimation of the crystalline serum 
albumin and gamma globulin in human 
cerebrospinal fluid. The proportions of 
albumin and gamma globulin to the total 
protein have been measured in normal 
cerebrospinal fluid and in a variety of 
diseases involving the nervous system. 
Marked increases in the proportion of 
gamma globulin were found in the cerebro- 
spinal fluid in a high proportion of cases of 
multiple sclerosis and in patients with 
neurosyphilis. In the latter disease the pro- 
portion of gamma globulin appeared to 
correlate generally with the activity of the 
disease process. In a few cerebrospinal 
fluids evidence was obtained for an increase 
in the concentration of protein other than 
albumin and gamma globulin. 


EXPERIMENTAL METHOD 


Twice crystallized human serum albumin 
and purified human gamma globulin prepared 
in the laboratories of Dr. E. J. Cohn were pro- 
vided by Dr. E. Brand. 

To prepare antigamma globulin and anti- 
human crystalline albumin groups of rabbits 
were injected intravenously with alum or 
protamine precipitated antigen four times a 
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week for four weeks. Each rabbit received a total 
of about 18 mg. of protein. Five days after the 
last injection 50 ml. of blood were obtained 
from each animal by cardiac puncture. Ani- 
mals were then given similar additional series 
of injections and bled in the same manner. 
The serum was separated from the blood by 
centrifugation in the cold. Stock solutions con- 
taining 1 mg. of antigen per ml. were prepared 
in saline. A drop of toluene was added as a 
preservative. The nitrogen content of the solu- 
tions was determined by the Markham micro- 
Kjeldahl method."’ 

A rough estimate of the antibody content of the 
sera was made by the addition of successive, small 
portions of antigen to 0.5 ml. of serum and 
centrifuging the precipitate formed after each 
addition, until no further precipitation occurred. 
The combined precipitates were then washed 
twice with cold saline and analyzed for nitrogen. 
Based on such preliminary analyses several 
antisera of about the same potency were pooled. 
It was found necessary to absorb the anti- 
globulin pools with albumin and the anti- 
albumin pools with globulin. For example, an 
antiglobulin pool of two bleedings each from 
two rabbits required three additions of 0.30 mg. 
albumin N for complete absorption. After ab- 
sorption saline was added to dilute the serum 
to a concentration of about 100 to 150 yg. of 
antibody N per ml. and merthiolate added to a 
final concentration of 1: 10,000. 

A calibration curve was prepared by the 
addition of increasing quantities, as for ex- 
ample, 3, 6, 9, 12, 15, 18, 21 wg. N of the stock 
solution of antigen to a measured amount of 
serum, usually 1 ml. in a constant total volume 
of 3 ml. Each point is set up in duplicate. Two 
additional tubes containing only serum serve 
as a control. After one hour in a water bath at 
37°c. and forty-eight hours in the refrigerator 
the precipitates are centrifuged off in a refriger- 
ated centrifuge and washed twice with 3.0 ml. 
of chilled saline.*-* The precipitate is then care- 
fully dissolved in M/2 NaOH and transferred 
quantitatively to micro-Kjeldahl flasks and | 
analyzed for nitrogen by the Markham micro- 
Kjeldahl method.’” The total N in the washed 
precipitate is plotted against the quantity of 
antigen added. 

The serum supernatants from each point are 
combined and tested for antibody and antigen. 
Two ml. of supernatant are pipetted into each 
of two tubes. To one tube 0.15 ml. of antiserum is 
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added and to the other approximately 3 yg. of 
antigen N is added. The tubes are placed at 
37°c. for two hours and in the refrigerator over- 
night, then centrifuged and read. If a precipitate 
is obtained with antigen, the supernatant con- 
tained an excess of antibody; if precipitation 
occurs on addition of antibody, an excess of 
antigen is present. The calibration curve is 
valid only in the region in which antibody is in 
excess. 

Before attempting to assay the albumin and 
gamma globulin of a spinal fluid it is necessary 
to know its total protein content so that a dilu- 
tion may be selected which will give an amount 
of precipitate falling on the calibration curve. 
The total protein content is measured turbidi- 
metrically after precipitation with sulfosalicylic 
acid. For spinal fluid with a total protein of 
35 mg per 100 ml., 1 ml. portions may be used 
for the globulin determination and 1 ml. of a 
1:3 dilution for the estimation of albumin. 
With cerebrospinal fluids of higher protein con- 
tent proportionately higher, dilutions are chosen. 
The supernatants from each determination are 
also tested with antigen and antiserum to verify 
the presence of excess antibody. Should excess 
antigen be found, the analysis must be repeated 
with a higher dilution of cerebrospinal fluid. 
When some familiarity with the method has 
been acquired, dilutions which will regularly 
fall on the calibration curve may be selected 
without difficulty. With each set of analyses, it 
is advisable to check one point on the calibra- 
tion curve for albumin and for globulin. 

As carried out the amounts of nitrogen in the 
precipitates vary from 30 to 150 ug. This range 
is intermediate between that ordinarily em- 
ployed for quantitative precipitin assays*-* and 
the micro method developed by Heidelberger 
and MacPherson.'* In the latter method, tubes 
are allowed to remain in the refrigerator for one 
_ week. For these studies forty-eight hours was 
the period of time selected for the preparation of 
calibration curves and for analysis of unknowns 
since the method would be of little clinical in- 
terest if results required a longer interval. It 
was noted in comparative experiments that 
slightly larger amounts of precipitate were found 
if tubes were left for a week. Since the total 
antibody content was of no consequence in this 
work, the uniform use of forty-eight hours for 
standards and unknowns did not in any way 
reduce the precision of the results.'® Validity of 
the method was checked by the addition of 
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known quantities of albumin or gamma globulin 
to cerebrospinal fluid and determining the 
recovery. 

RESULTS 


Table 1 summarizes data on the total 
protein, albumin and gamma globulin in 
the cerebrospinal fluid of ten healthy 
medical students and twenty-two patients 
at the Neurological Institute, admitted for 
various complaints, who had essentially 
normal spinal fluid proteins and in whom 
there was no reason to suspect any abnor- 
malities in the spinal fluid protein. Among 
the healthy medical students, total protein 
ranged from 25 to 38 mg. per 100 ml., 
albumin from 11 to 19 and gamma globulin 
from 1.7 to 3.8 mg. per 100 ml. In the series 
of patients with presumed normal cerebro- 
spinal fluids, total protein varied from 19 
to 54, albumin from 7.6 to 29 and gamma 
globulin from 1.8 to 6.3 mg. per 100 ml. In 
the entire group of fluids the albumin to 
gamma globulin ratios varied from 3.8 to 
8.8; the percentages of albumin to total 
protein and of gamma globulin to total 
protein from 38 to 62 and from 5 to 13. The 
crystalline albumin and gamma globulin 
accounted for from 43 to 75 per cent of the 
total cerebrospinal fluid protein. 

The means and standard deviations!® for 
the data in Table 1 were as follows: 


P Gamma 
Mean mean 
De- De- 
‘ati 00 ml, 
Normals............... 15.9} 2.5 | 2.7 | 0.65 
Patients with proteins of 
19-39 mg./100 ml....| 14.2 | 4.0} 3.0/ 0.71 
Patients with proteins of 
40-54 mg./100 ml....|; 22.1 | 4.5 1.0 
All fluids in table. ...... 17.2} 3.4/1.1 


It is evident that the group of patients with 
proteins of 19 to 39 mg. per 100 ml. fall. 
into the same range as the ten normal 
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Huids; the fluids with proteins of 40 to 54 
show somewhat elevated values for albumin 
and globulin as would be expected. 

By reference to these values for the means 
and standard deviations the significance 
of the values for cerebrospinal fluid albumin 


the mean by two standard deviations is 
about 21: 1, for two and five-tenths standard 
deviations about 200 to 1, and for three 
standard deviations about 369: 1.'* 

Table 11 summarizes data on the albumin 
and gamma globulin levels of sixteen 


TABLE I 
ALBUMIN AND GAMMA GLOBULIN LEVELS IN THE CEREBROSPINAL FLUID OF HEALTHY INDIVIDUALS AND 
OF PATIENTS WITH PRESUMED NORMAL SPINAL FLUID PROTEIN 
RESULTS OF IMMUNOCHEMICAL DETERMINATIONS 


Albumin 
Gamma + 
Case Total Gamma Albumin} Albumin) Globulin| Gamma 
No. | Protein | “!bumin| Giobulin| Gamma Total | Globulin Diagnoses 
Globulin} Protein | Total 
Protein 
mg./100| mg./100| mg./100) mg./100) % %, % 
1 25 11 2.2 13 5.0 44 9 53 Healthy medical student 
2 31 15 2.6 18 5.8 48 x 56 Healthy medical student 
3 32 17 2.8 20 6.1 53 9 62 Healthy medical student 
4 32 15 1.7 17 8.8 48 5 53 Healthy medical student 
5 32 15 2.7 18 5.6 47 « 55 Healthy medical student 
6 33 15 2.8 18 5.4 45 8 53 Healthy medical student 
7 36 19 3.8 23 5.0 53 11 64 Healthy medical student 
x 37 14 2.0 16 7.0 38 5 43 Healthy medical student 
9 38 19 2.6 22 7.3 50 7 57 Healthy medical student 
10 38 19 3.8 23 5.0 50 10 60 Healthy medical student 
Presumed Normal Cerebrospinal Fluid 
834566 19 7.4 1.8 9.2 41 39 10 49 | Cerebral atrophy, cerebral arteriosclerosis, old cerebro- 
v t 
866302 20 7.6 1.9 9.5 4.0 38 10 48 Psychoneurosis, conversion hysteria 
809111 25 11 2.9 14 3.8 44 12 56 | Myasthenia gravis 
855976 27 13 2.4 15 5.4 48 9 57 Idiopathic 
854856 31 14 2.8 17 5.0 45 9 54 Depressive reaction, old fractured skull; mild bilateral 
cerebral atrophy probably post-traumatic, compression 
fracture of eighth vertebra post-traumatic 
862560 31 15 3.0 18 5.0 48 10 58 Mixed psychoneurosis 
844943 31 16 4.1 20 3.9 51 13 64 Acute myasthenia gravis, cortical atrophy, hypertrophied 
thymus 
854637 35 15 3.1 18 4.8 43 9 52 Paralysis of right common perineal nerve, probably 
traumatic 
839702 36 15 3.9 19 3.8 42 11 53 Facial tic, cause undetermined; moderate bilateral 
cerebral atrophy (more on left) 
847411 36 17 3.8 21 4.5 47 11 58 Hypertensive vascular disease, generalized arteriosclero- 
sis, deafness bilateral, cause undetermined 
859436 36 16 2.9 19 5.5 45 8 53 Angiospasm; hypertensive cardiovascular disease; cere- 
brovascular accident, mild 
855663 39 23 3.6 27 6.4 59 9 68 
850288 40 19 3.6 23 5.3 48 9 57 Syncope, cause undetermined 
846347 41 17 3.6 21 4.7 41 9 50 Psychoneurosis, anxiety state; osteoarthritis, carotid 
sinus s ? 
809649 44 19 4.4 23 4.3 43 10 53 Cerebral atrophy, left, post-traumatic 
824809 45 20 5.1 25 4.0 45 11 56 Convulsive . mal seizures, secondary 
optic atrophy 
853015 45 22 3.9 26 5.7 49 9 58 Right brachial neuritis, result of old right radical 
mastectomy; metastatic carcinoma right scapula 
850089 47 24 3.3 27 7.2 51 7 58 Torticollis; spastic osteoarthritis cervical spine 
852155 47 24 4.5 29 5.3 51 10 61 Sciatic syndrome, cause undetermined 
859144 47 29 6.3 35 4.6 62 13 75 Headaches, histamine sensitivity?, psychogenic? 
849821 48 19 4.4 23 4.3 40 9 49 Right hemiparesis, birth injury; myositis ossificans 
823611 54 28 6.1 34 4.6 52 11 63 | Psychoneurosis 


and globulin in various neurologic diseases 
may be evaluated. The probability of 
significance for values which deviate from 


patients with neurosyphilis. Data on col- 
loidal gold and Wassermann tests on the 
cerebrospinal fluid sample analyzed are 
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also given. Of the seventeen cerebrospinal 
fluids, ten had total proteins within the 
range accepted as normal in Table 1 and in 
all of these instances the albumin was 
within the normal range; of the remaining 
seven fluids with high total proteins, one 
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increase being two and two-tenths standard 
deviations from the mean for fluids in that 
range of total spinal fluid protein. The 
gamma globulin values of these sixteen 
fluids varied from 5.6 to 116 mg. per 100 ml. 


and the percentage of gamma globulin to 


TABLE 0 
ALBUMIN AND GAMMA GLOBULIN LEVELS IN THE CEREBROSPINAL FLUID OF PATIENTS WITH NEUROSYPHILIS 

Al- 
bumin 

bumin| bumin} Gam- 

Gam- 
Total + bumin| Glo 
Case Al- | ma Gam- |= | bulin | '™* | Colloidal | Spinal Fluid 
No. | PF | bumin| | ma | Total Glo- | Gold | Wassermann Activity of Disease 
tein bulin | | Glo Pro- | Total | bulin 
bulin tein | pro. 
tein 
mg./ | mg./ | mg./ | mg./ 
100 100 100 100 % % % 
mi. | mi. | mi. | mi. 

808655; 36 15 5.6} 21 2.7} 42 16 58 | Negative Negative Cerebrospinal syphilis, tic 
following penicillin and fever eight months 
previous 

“4 23 7.5} 3 3.1] 52 17 69 | Negative |+(2 ml.) Meningovascular syphilis; definitely improved 
: penicillin and fever ten months 
848591; 41 19 6.7 | 26 2.8) 4% 16 62 | Negative Negative* Neurosy manifested by bilateral optic 
atrophy; activity questionable 
87 34 3.2}, 37 | 11 39 4 43 |4333221100}++++(0.2 syphilis, some improvement 
ml.) 
45 14 | 26 40 0.5; 3 58 89 vim Active meningovascular syphilis with involve- 
mil.) ment of optic nerves 
857091; 74 40 | 27 67 1.5) 54 %6 90 /|1112211 ++++(0.2 Central nervous system lues, vascular type; 
mil.) moderately active, progressing at time of 
admission 

19 8.1) 27 2.3; 54 23 77 | Negative |++++(1.0 Central nervous system lues, tabes dorsalis, 

mi.) Charcot spine, progression questionable at 
time of admission 

22 | il 33 48 24 72 | Negative Negative Taboparesis, questionably active, recent im- 
provement 

35 | 17 52 2.0; 54 26 80 |1122211000| + + ++(2 ml.) | Juvenile taboparesis, active 

34 | 28 62 1.2} 50 41 91 |2223332110|++++(1 ml.) | Taboparesis active, recent marked improve- 
ment following penicillin 

55 | 21 76 2.6} 70 27 97 | Negative Negative Central nervous system lues, tabetic, activity 
questionable, 

33 | 20 53 1.7} 49 29 78 | Negative | +++ +(2 ml.) | Central nervous system lues clinical manifesta- 
tions slight, Méniére’s syndrome, diabetes 
mellitus 

24 | 106) 35 2.3 57 25 82 | Negative |++++(2 ml.) prs days later after 9,000,000 
units 

15 | 17 32 0.9) 36 40 76 22221 ++++(2 ml.) | Active general paresis; some improvement fol- 
lowing penicillin and fever 

16 | 14 w 1.1} 33 29 62 | Negative |++-+-+/(1 ml.) | Active general paresis; received penicillin five 

months previous 
15 | 33 48 0.5} 31 67 98 (322211 oA Stange Early, moderately active general paresis 
24 [116 140 0.2; 17 82 99 | Negative la a Active general paresis 


* Serum Kline + +++. 


showed a normal albumin and the remain- 
ing six showed somewhat elevated albumins. 
The most striking changes were found in the 
amounts of gamma globulin. Sixteen of the 
seventeen fluids showed a striking increase 
in the gamma globulin level, the smallest 
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total protein from 16 to 82. It is noteworthy 
that in this group of sixteen the three lowest 
values for gamma globulin were in the 
patients who had shown a good response 
to therapy eight to ten months previously 
and were improving, had become asymp- 
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tomatic, or had a process of questionable 
activity. In this respect determination of 
cerebrospinal fluid gamma globulin offers 
promise as an indicator of the effectiveness 
of antiluetic therapy. All sixteen fluids 
showed albumin to gamma globulin ratios 
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in that the sum of the albumin and gamma 
globulin accounted for only 37 of the 87 mg. 
of protein in the fluid. This unusually low 
recovery, together with the finding of a 
paretic colloidal gold curve, indicates the 
presence of a considerable amount of a 


TABLE II 
ALBUMIN AND GAMMA GLOBULIN LEVELS IN THE CEREBROSPINAL FLUID OF PATIENTS 
WITH DISSEMINATED ENCEPHALOMYELITIS AND MULTIPLE SCLEROSIS 


Albu- 
Albu- | Albu- Albu Gamma} min + 
Gamma| min min Globu- |Gamma 
Case No. | Total | Albu- | Giobu- |__lin Globu- | Colloidal Diagnoses and Activity of Disease 
Protein) min | ‘tin | Globu- | Gioby- | 2°! | Total Geld 
lin lin | Protein] Total 
Protein 
mg./ | mg./ | mg./ | mg./ % % % 
100 100 ml.| 100 ml.| 100 ml. 

740229 17 6.5 1.3 7.8) 5.0 38 8 46 | Negative | Acute disseminated encephalomyelitis due to 
pertussis vaccine, beginning recovery from 
acute episode 

866335 23 8.8 2.1} 10.9! 4.2 38 9 47 | Negative | Acute disseminated phalomy diculitis, 
rapid onset, marked activity, some improve- 
ment in hospital 

848899 51 22 3.6 | 26 6.2 44 7 51 Negative | Multiple sclerosis, very slowly progressive, 
seventeen years’ duration 

853494 26 14 a4: 4.5 54 12 66 | Negative* | Multiple sclerosis, mild to moderate severity, 
moderately progressive, three years’ duration 

868189 35 | 19 3.1 | 22 6.1 54 9 63 | Negative | Multiple sclerosis, moderately severe, moder- 
ately progressive, six years’ duration 

817816 32 8.6 45; 13.1] 1.9 27 14 41 Multiple sclerosis, slight improvement in 

9.0 3.8 12.8; 2.4 28 12 40 moderately active case 

863801 39 19 §.6| 25 3.4 49 14 63 | Negative | Multiple sclerosis, moderately severe, moder- 
ately progressive, six years’ duration 

864977 26 | 12 3.8 | 16 3.2 46 15 61 | Negative* | Multiple sclerosis, mild, slight activity, four 
years’ duration 

864707 7 Tt 88 41) 15 2.7 41 15 55 | Negative | Multiple sclerosis, fairly early, mild, slight 
improvement 

835706 39 20 6.0} 26 3.3 51 15 66 | Negative | Multiple sclerosis, improved following exacer- 
bation 

859087 48 | 21 8.5 | 29 2.5 44 18 62 | Negative | Multiple sclerosis, mild severity, mild exacerba- 
tion, seven years’ duration 

864021 37 16 Ee 2.0 43 21 64 * | Multiple sclerosis, mild to moderate severity, 
apparently in remission, eighteen years’ 
duration 

915 (Albany)T| 48 25 12 37 2.1 52 25 77 * | Multiple sclerosis 

774971 48 22 15 37 1.5 45 31 | 76 | Negative | Multiple sclerosis, moderate severity, slowly 
progressive, four years’ duration 

860909 34 12 11 23 1.1 35 32 68 |1122211100 | Multiple sclerosis, mild; moderate activity, 
progressive; two years’ duration 

857874 38 15 13 28 1.2 40 34 74 |1122100000*] Multiple sclerosis, moderate severity, moder- 
ately active, two and one-half years’ duration 


* Typical paretic colloidal gold curves were found in these fluids by Drs. C. Lange and A. H. Harris by their more delicate procedure.‘ 


t Fluid supplied by Drs. Lange and Harris. 


considerably lower than any of the fluids in 
Table 1. Since ten of the seventeen fluids 
were negative in the usual colloidal gold 
test which depends upon the albumin as 
well as the gamma globulin level,? the 
present method would appear to be more 
sensitive. 

The seventeenth fluid (No. 560,946) 
showed a normal gamma globulin and a 
slightly elevated albumin, but was unusual 


protein other than albumin and gamma 
globulin. From the low gamma globulin 
value it is very unlikely that the gamma 
globulin could be responsible for the paretic 
colloidal gold curve.'~* 

Table 11 summarizes data obtained in 
two cases of disseminated encephalomyelitis 
and fourteen cases of multiple sclerosis. The 
patients with disseminated encephalomye- 
litis showed essentially normal values for 
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spinal fluid albumin, gamma globulin and 
total protein. All of the fourteen patients 
with multiple sclerosis showed total protein 
levels within the range accepted as normal 
in Table 1. Of these, all but one showed 
essentially normal albumins; the exception 
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gamma globulin values three or more 
standard deviations from their correspond- 
ing means. Of the eleven fluids tested, all 
but the two fluids with the highest gamma 
globulin levels showed negative colloidal 
gold tests as carried out in the usual manner. 


TABLE IV 
ALBUMIN AND GAMMA GLOBULIN LEVELS IN THE CEREBROSPINAL FLUID OF PATIENTS WITH VARIOUS 
NEUROLOGIC DISEASES 


Albumin} jpumin| Albumin| Gamma 
+ 
Case | Total | ibumin| Globulin| Gamma 
No. | Protein Globulin] Gamma | | | Total | Globulin Diagneses 
Globulin Protein | Total 
mg./100} mg./100) mg./100| mg./1 % % % 

852380 36 14 3.3 17 4.2 39 9 48 Amyotrophic lateral sclerosis 

847446 38 19 3.1 22 6.1 50 8 58 Amyotrophic lateral sclerosis 

851254 70 30 5.3 35 5.7 43 8 51 Amyotrophic lateral sclerosis 

857377 33 18 2.9 21 6.2 55 9 64 Pernicious anemia; subacute combined degeneration 

854387 32 14 12 26 1.2 44 38 82 Degenerative cord disease 

850392 39 26 5.3 31 4.9 67 14 81 Degenerative cord disease 

856878 64 33 7.0 40 4.8 52 11 63 | Herniated nucleus pulposus 

853265 100 56 15 71 3.7 56 15 71 Herniated nucleus pulposus 

846548 106 61 17 78 3.7 58 16 74 Acute anterior poliomyelitis 

854040 400 172 61 233 2.8 43 15 58 Acute anterior poliomyelitis 

849428 55 28 6.8 35 4.0 51 12 63 Myoclonus epilepsy 

845614 35 16 3.1 19 5.1 46 9 55 Paralysis agitans, arteriosclerotic 

854591 53 35 5.0 40 7.0 66 9. 75 Paralysis agitans, generalized arteriosclerosis; arterio- 
sclerotic heart disease; diabetes mellitus 

862302 47 27 5.5 33 4.9 57 12 69 Presenile psychosis; cerebral arteriosclerosis; mastoiditis 
chronic 

845101 63 31 5.0 36 6.2 49 8 57 | Generalized and cerebral arteriosclerosis 

842927 20 7.9 2.9 10.8 2.6 40 15 55 Pituitary adenoma ; 

829778 38 19 5.1 24 3.7 50 13 63 Pituitary chromophobe adenoma; bilateral cervical ribs 

844137 42 20 3.9 24 5.1 48 9 57 Oligodendroglioma (right lateral ventricle) verified by 
operation 

39 18 3.2 21 5.6 46 8 54 (sample taken fourteen days after 
first) 

844971 258 114 50 164 2.3 44 19 63 Left frontal lobe abscess (communicating with the 
ventricular system) demonstrated by operation; basal 
meningitis, organism undetermined 

848484 108 35 9.7 45 3.6 32 9 41 Basilar and spinal tis chronic; secondary 
hydrocephalus probably result of suppurative lepto- 
meningitis; organism 

759207 96 43 6.9 50 6.2 45 7 52 Chronic encephalitis 

841765 800 410 244 653 1.7 51 31 82 Cryptococcus ; leptomeningitis with 
focal encephalitis (autopsied) 

980 480 294 774 1.6 49 30 79 

768060 420 220 46 268 4.8 53 13 66 Cryptococcus hominis neoformans meningitis 

863998 126 65 13 74 5.0 52 10 62 Guillain-Barré syndrome 

838446 164 101 35 136 2.9 62 21 83 Guillain-Barré syndrome 

852435 165 97 22 119 4.4 59 13 72 | Guillain Barré syndrome 

80 45 10 55 4.5 56 13 69 — Barré syndrome (sample of fluid seven days 
later 

862444 296 141 38 179 3.7 48 13 61 Guillain Barré syndrome 

853710 330 191 56 247 3.4 58 17 75 Guillain Barré syndrome 


(No. 817,816) was somewhat low in al- 
bumin. With respect to their content of 
gamma globulin, three patients had levels 
within one standard deviation from the 
mean for their range of total protein, the 
values in three others were between one 
and two standard deviations higher than 
the mean, and the remaining eight had 
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However, Drs. Carl Lange and A. H. 
Harris, at Albany, assayed five of the fluids 
by their more sensitive procedure‘ and the 
fluids were found to give definite paretic 
curves. Eleven of the fourteen fluids had 
albumin to gamma globulin ratios below 
the lowest of the fluids in Table 1 and the 


percentage of gamma globulin was higher 
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in ten of the fluids than the highest corre- 
sponding value in Table 1. Fluid No. 
817,816 was unusual in that the albumin 
and gamma globulin accounted for only 
13 to 14 of the 32 mg. of protein, again 
suggesting the presence of increased quan- 
tities of some other protein. (No. 560,946, 
Table 1.) The two sets of values represent 
repeated determinations on the same sample 
of fluid and provide an indication of the 
reproducibility of the method. Data on the 
activity of multiple sclerosis are included, 
but no correlation between the phase of 
the disease and the spinal fluid gamma 
globulin is as yet apparent. 

Data on the spinal fluid proteins in a 
variety of other neurologic disorders are 
given in Table tv. Two of three patients 
with amyotrophic lateral sclerosis showed 
normal total protein and albumin and 
gamma globulin values; the third had a 
high total protein but the proportions of 
albumin and gamma globulin were normal. 
Essentially normal values were also found 
in one patient with pernicious anemia with 
subacute combined degeneration, one with 
oligodendroglioma, two with pituitary ade- 
nomas and in two of four patients with 
arteriosclerosis. Of the remaining two pa- 
tients one showed a high total protein 
(845,101) and the other a high albumin 
(854,591). One of two patients with de- 
generative cord disease showed a marked 
increase and the other a slight rise in gamma 
globulin. Two subjects with herniated 
nucleus pulposus showed an increase in 
total protein and the albumin and gamma 
globulin were also correspondingly in- 
creased. Similar findings were also noted 
in two patients with poliomyelitis. The 
remaining cases comprise those with fluids 
with very high total proteins. In these 
instances there is, as previously pointed out 
from electrophoretic data,’? chiefly an in- 
crease in all of the spinal fluid proteins. 
However, one of two patients with menin- 
gitis due to Cryptococcus hominis, one with 
cerebral abscess and two of six patients with 
Guillain-Barré syndrome showed increases 
in the proportion of gamma globulin. 
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COMMENTS 


The immunochemical methods employed 
in these studies provide a direct measure 
of the quantities of albumin and gamma 
globulin in cerebrospinal fluid on a weight 
basis. When combined with determinations 
of the total protein of the cerebrospinal 
fluid, the three values enable differences 
in proportions of these constituents to be 
readily established. In addition, an indica- 
tion of changes in proteins other than albu- 
min and gamma globulin may be obtained 
by difference. Results, in general, confirm 
and extend those previously obtained by 
electrophoresis.* Although the same fluids 
were not examined by both methods, the 
values for albumin and gamma globulin 
for presumed normals*® calculated from 
electrophoretic patterns are in general 
agreement with the values reported above. 
While the quantities of fluid required for 
electrophoretic analysis are so large as to 
preclude its routine diagnostic use even 
when the Tiselius apparatus is available, the 
present method requires at most but 6 or 
7 ml. of cerebrospinal fluid for duplicate 
albumin and gamma globulin determina- 
tions and estimation of total protein. Among 
other advantages are that a number of 
analyses may be carried out at the same 
time and that specialized apparatus is not 
required. If a refrigerated centrifuge is not 
available, a small centrifuge placed in an 
icebox or cold room is adequate. As de- 
scribed, about three days is the minimum 
time between receipt of the sample and 
completion ofthe analyses. The method, 
unlike the salt-fractionation procedures, is 
not affected by the total protein concentra- 
tion and is specific for the constituents to be 
measured. The absorbed antialbumin and 
antigamma globulin sera did not react with 
fibrinogen and, since supernatants from the 
calibration curves and the spinal fluids did 
not show a zone in which both antibody 
and antigen were present, it is reasonable 
to infer that each absorbed antiserum 
contained antibody only to the antigen 
which it was desired to estimate.* 14 1415-20 
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In addition, the same values were ob- 
tained when a given spinal fluid was 
analyzed with several calibrated antisera. 
Further evidence that the absorbed antisera 
were specific was obtained by the technic 
of Ovdin™’ in which human serum was 
layered over agar gels containing the respec- 
tive absorbed antisera. As diffusion into the 
gel took place only a single bond of specific 
precipitate was observed with each anti- 
serum corresponding to that obtained by 
layering the antigen used in preparing the 
antiserum over a similar agar gel. No bond 
was observed with the heterologous antigen. 
Although it is more involved than the 
colloidal gold test, it provides values which 
are independent of the other proteins 
present. 

The results indicate that the method is of 
greatest value with those cerebrospinal 
fluids with normal or somewhat elevated 
total protein levels in that it provides 
information about changes in the relative 
proportions of the constituents. With fluids 
with very high total protein (above 200), it 
has thus far provided very little additional 
information of clinical significance. 

It is evident that definite increases in 
the absolute amount and in the percentage 
of gamma globulin occurred in the cerebro- 
spinal fluid of those with neurosyphilis 
(Table 1) and in a large proportion of 
patients with multiple sclerosis. (Table 11.) 
Patients with active neurosyphilis showed 
extraordinarily elevated gamma globulins 
while those individuals who had been 
treated successfully or who did not show 
evidence of activity had gamma globulins 
which were much lower and presumably 
were returning to normal. It would appear 
that estimation of spinal fluid gamma 
globulin may be of value as a guide in 
evaluating antiluetic therapy. 

Findings of a significantly increased 
gamma globulin in eight of fourteen pa- 
tients with multiple sclerosis and of an 
increase in the percentage of gamma 
globulin to total protein in ten of these 
patients strongly suggests the usefulness 
of this test in helping to establish the 
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diagnosis of multiple sclerosis, a diagnosis 
which is not infrequently quite difficult to 
make with certainty. Present data are not 
sufficient to establish the relation between 
the stage of the disease and the gamma 
globulin level. Further studies are con- 
templated in which a group of patients will 
be followed over a considerable period to 
elucidate this point. It is perhaps significant 
that the two patients with acute dissemi- 
nated encephalomyelitis showed normal 
albumin and globulin values. 


SUMMARY 


1. An immunochemical method for the 
estimation of albumin and gamma globulin 
in cerebrospinal fluid is outlined. 

2. Normal values for albumin and gamma 
globulin are presented. 

3. In fifteen of sixteen cases of neuro- 
syphilis, increases in gamma globulin were 
found. The highest values were found in 
those patients with active neurosyphilis and 
the lowest in patients who had shown a 
favorable response to therapy. 

4. Eight of fourteen patients with multi- 
ple sclerosis showed an increased spinal 


fluid gamma globulin. 
5. Data on cerebrospinal fluid albumin 


and gamma globulin in a variety of other 
diseases are presented. 
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Serum Proteins in Syphilis’ 
Electrophoretic Study 


Earv P. BENDITT, M.D. and SHELDON A. WALKER, M.D. 
Chicago, Illinois 


HE Tiselius method of electrophore- 

sis'® offers a tool with which to 

investigate certain properties of 
colloidal mixtures including the serum pro- 
teins. The method has been used to study 
serum proteins in many diseases and in- 
teresting changes have been found.**!* The 
physiologic and pathologic significance of 
these findings remains in large part to be 
worked out. 

It has been stated that in syphilis there 
are changes in the electrophoretic pattern 
of the serum proteins which are ‘“‘charac- 
teristic and statistically significant.”’* These 
changes consisted in an “increase in all of 
the electrophoretic globulin fractions.” Oth- 
ers'! demonstrated the changes in this dis- 
ease to be of a more limited nature and to 
consist of a decrease in albumin and an 
increase in gamma globulin. Similar altera- 
tions were found in biologic false-positive 
sera. 

The present studies were undertaken in 
order to (1) re-examine the electrophoretic 
pattern changes in syphilis, (2) to correlate 
the pattern alterations with the stage of the 
disease, the effects of treatment and other 
possible influencing factors and (3) further 
evaluate the use of electrophoresis as an aid 
in the serologic diagnosis of syphilis. 

METHODS AND MATERIALS 

Patients in this study were derived mainly 
from the clientele of the University of Chicago 
Clinics. Those with primary disease were from 
the Chicago Intensive Treatment Center. An 


attempt was made to obtain serum from pa- 
tients who had (1) a definite diagnosis of syphilis 


on evidence other than serologic tests, (2) pa- 
tients in all stages of the disease, and (3) pa- 
tients with and patients without previous 
treatment. A small group of patients was studied 
in whom the serologic tests were positive, but 
in whom there was some reason to doubt the 
presence of syphilis. They were followed until it 
was decided definitely that there was no syphilis 
present. Control sera were obtained from healthy 
men and women of the Clinics staff. Only those 
without recent acute infections were used. 

Blood was drawn in the morning before break- 
fast. It was allowed to clot at room temperature 
for several hours and the serum separated by cen- 
trifugation. Sera were stored in the frozen state 
at —15°c. We have tested the acute effects of 
freezing and thawing upon both human and 
rat sera and have found no alteration beyond 
the limits of experimental error. 

Four milliliters of serum were dialysed against 
2 liters of buffer for a minimum of forty-eight 
hours at 4°c. The buffer was composed of 0.100 | 
moles of sodium diethylbarbiturate, and 0.020 
moles of diethylbarbituric acid per liter of solu- 
tion.* The ionic strength of this buffer is 0.1 
and the pH 8.6. At the end of dialysis the serum 
was diluted to 12.0 milliliters by the addition 
of the requisite amount of buffer. 

Electrophoresis was carried out in a double 
section Tiselius cell.'* The apparatus used varied 
slightly from the usual design in that the 
schlieren and camera lenses had a focal length 
of 38 cm. The optical system was otherwise of 
the type described by Philpot.'*? The potential 
gradient was approximately 8 volts per cm. 
and the bath temperature 1°c. Runs were of 
seventy to eighty-minutes’ duration. It has been 
shown that adequate separation for measure- 
ment can be achieved after sixty minutes at a 
potential gradient of 6.5 volts per cm.‘ 
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Patterns were enlarged five diameters and 
traced. The individual components were sepa- 
rated by vertical lines drawn from the minima 
of the curves to the baseline. Area measurements 
were made with a planimeter. Both ascending 
and descending limb patterns from each analysis 
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delineation of the components and their meas- 
urement with the planimeter. Duplicate tracings 
and measurements were made on thirteen indi- 
vidual patterns by two observers. The coefficient 
of variation for the total pattern area was found 
to be +1.71 per cent. Computed on the basis 


TABLE I 
ELECTROPHORETIC DATA FOR NORMAL HUMAN SERA 
Component Concentration 
% Composition Gm. % 
Se 
No. x | Age 
Alb. as Alb. az 8 TP 
Normal Males 
N1 M 24 | 60.6 5.4 9.4 14.7 .8 | 4.16 | 0.37 | 0.65 1.01 0.67 | 6.86 
N2 M 31 55.7 4.6 8.7 18.4 .7 | 4.16 | 0.35 | 0.65 1.37 | 0.95 | 7.47 
N3 M 22 | 56.3 4.5 9.8 16.8 .6 | 3.96 | 0.32 | 0.69 1.18 | 0.89 | 7.04 
N4 M 22 | 57.5 5.7 10.2 18.3 3 | 4.07 | 0.40 | 0.72 1.29 | 0.59 | 7.07 
N5 M 17 57.2 4.6 8.9 14.3 .0O | 3.96 | 0.32 | 0.62 | 0.99 1.04 | 6.93 
Mean 57.5 5.0 9.4 16.5 .7 | 4.06 | 0.35 | 0.67 1.17 | 0.83 | 7.07 
S.D. 1.90 0.55 | 0.80 1.94 .64 | 0.100 | 0.034 | 0.039 | 0.168 | 0.19 | 0.237 
Normal Females 
N6 F 24 | 61.3 3.7 9.1 13.1 12.8 | 4.45 | 0.27 | 0.66 | 0.95 | 0.93 | 7.26 
N7 F 33 | 54.4 5.5 10.6 17.5 12.0 | 3.36. | 0.34 | 0.65 1.08 | 0.74 | 6.17 
N8 F 36 «6| 60.1 4.3 8.3 13.5 13.9 | 3.95 | 0.28 | 0.54 | 0.89 | 0.91 6.57 
N9 F 21 52.7 4.1 10.7 14.5 17.9 | 4.04 | 0.31 0.82 1.11 1.37 | 7.65 
N10 F 20 | 59.6 4.2 Ae 14.0 14.6 | 4.28 | 0.30 | 0.55 1.01 1.05 | 7.19 
N11 F 23 | 60.6 5.7 7.9 13.7 12.0 3.85 | 0.36 | 0.50 | 0.87 | 0.76 | 6.34 
N12 F 21 60.3 4.6 8.6 14.0 12.5 3.75 | 0.29 | 0.53 | 0.87 | 0.78 | 6.22 
Mean 58.4 4.6 9.0 14.3 13.7 3.95 | 0.31 0.61 0.97 | 0.93 | 6.77 
S.D. 3.41 0.74 1.23 1.47 | 2.10 | 0.357 | 0.032 | 0.112 | 0.101 | 0.222 | 0.588 
Combined Normals 
Mean 58.0 4.7 9.2 15.2 12.8°%| 4.00 | 0.32 | 0.63 1.05 | 0.89 | 6.90 
S.D. 2.81 0.67 1.00 1.95 | 2.45 | 0.276 | 0.039 | 0.091 | 0.162 | 0.207 | 0.483 


were measured. The values for each component 
were averaged except in the case of beta 
globulin. Because of the descending limb beta 
boundary anomaly, only the ascending area was 
used for this component. 

An estimate of the error in the method was 
made as follows: Assuming that with a given 
electrophoresis apparatus the same sample of 
serum will produce the same pattern each time 
it is separated under the same conditions, then 
the error in the determination lies in the repro- 


ducibility of the enlarged pattern tracings, the/ 


of serum protein concentration (for an average 
value of 7.0 Gm. per cent) the error is +0.12 
Gm. per cent. Errors in the individual com- 
ponents were all of a similar order of magnitude 
and varied between + 0.04 and +0.08 Gm. per 
cent. 

Protein concentration was estimated by de- 
termining the protein nitrogen of the serum by 
micro-Kjeldahl and using the factor 6.25. 

Serologic tests were done in most instances 
on the same serum used for electrophoresis; +in 
the remainder the tests were done on sera drawn 
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within a few days of that used for fractionation. _ pallidum was demonstrated in all of the pri- 
Multiple serologic examinations were done on _— mary lesions by dark field examination. 
all patients. Tests were run either in the labora- 


tory of the Chicago Intensive Treatment Center EXPERIMENTAL OBSERVATIONS 


or the Serology Laboratory of the University Se 
of Chicago Clinics. Kahn tests were done on all The essential clinical and electrophoretic 


sera; the Wassermann test was done on allexcept data for normal controls, untreated and 
those who had primary lesions. The Treponema _ treated syphilitic patients, respectively, are 
TABLE I! 
CLINICAL AND ELECTROPHORETIC DATA FOR UNTREATED SYPHILITIC PATIENTS 


& Alb. | a | B | Alb.| as B | TP 
Primary Syphilitics 
P1 F | 19 | 6 days | + | Pos. |50.1 |5.0 | 9.8 |16.2 |18.9 |3.44 10.34 [0.67 |1.11 |1.29 
F | 18 | 14 days | + | Pos. |43.1 (5.9 |11.2 {12.7 |27.2 |3.15 0.43 [0.92 |1.99 |7.31 
P3 M | 27 | 7 days | + | Neg 0 |59.1 |3.4 | 8.8 114.7 114.1 [4.47 |0.25 [0.66 |1.11 |1.07 |7.86 
P4 F | 17 | 7 days | + | Pos. 4+* 145.5 |5.1 |10.2 |12.3 [27.0 |3.53 |0.39 |0.79 0.95 |2.09 |7.75 
PS F | 18| ? + |Neg. | +f [46.2 |5.2 | 9.8 |15.6 |23.2 |3.67 [0.41 [0.78 |1.24 |1.84 |7.94 
48.8 |4.9 110.0 |14.3 [22.1 |3.65 |0.36 [0.74 |1.07 |1.66 |7.54 
Secondary Syphilitics 
S1 F | ? + | Pos. +  |39.4 15.6 |17.3 |19.2 |2.78 0.60 |1.10 |1.22 [1.35 |7.05 
S2 F | 22| 4mo. | + | Pos. 0 |48.7 16.4 |10.3 |14.4 |20.2 |3.54 |0.47 [0.75 |1.04 |1.47 |7.26 
$3 F |19| 5mo. | + | Pos. 0 148.6 |4.5 | 8.8 |14.5 |23.6 |3.70 0.34 |0.66 |1.10 |1.80 |7.61 
S4 M | 42 | 3mo. | + | Pos. 0 142.8 |7.8 |14.9 |16.2 |18.2 |2.68 [0.49 [0.93 |1.01 [1.14 [6.25 
S5 F | 23| ? + | Pos. 0 (50.2 14.4 |14.9 [16.4 |3.55 (0.31 |1.00 [1.05 |1.16 |7.07 
S6 M | 26 |48 days | + |Pos. | 0 {57.1 |6.4 9.5 |13.7 |4.15 |0.47 [0.69 10.97 |1.00 |7.28 
47.8 |12.2 |15.1 |18.6 |3.40 [0.45 [0.86 |1.07 |1.32 |7.09 
6.16|1 .67 1.43 3.39 345| .106| .181| .087| .288| .457 
Tertiary Syphilitics 
Tl M | 67 | 25 yr + | Pos. +§ [49.1 6.9 [11.9 [13.8 [18.2 [3.38 0.47 [0.82 0.95 |1.25 [6.87 
T2 M | 56 | 15 yr + | Pos. o (51.8 |3.6 |10.7 |18.9 |15.0 |3.63 (0.25 [0.75 |1.32 |1.05 |7.00 
T3 M | 57| ? + | Pos. 0 |50.6 |4.9 | 9.0 [16.1 |19.5 |3.68 |0.35 [0.65 |1.17 |1.41 |7.26 
T4 M | 42/19 yr. | + | Pos. 0 146.6 |5.0 [12.6 |16.2 [19.7 [3.39 (0.36 (0.92 |1.18 |1.44 [7.29 
49.5 \5.0 |11.0 |16.2 |18.1 [3.52 10.36 [0.78 |1.16 |1.29 |7.10 
Cl | F | 13 | 13 yr. 0 | Pos. 0 157.6 |5.4 | 8.3 |11.8 |16.9 | | 
* Gonorrhea 
t Chancroid 
t Eleven days post partum 
§ Arteriosclerosis; hypertension 
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found in Tables 1, 1 and m1. Electrophoretic 
data are presented both as_ percentage 
composition of the pattern and as concen- 
tration in Gm. per cent of the individual 
components. In Table Iv are the data for 
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by others? that these are not significantly 
altered. The general configuration of all 
the patterns is not markedly different, and 
the descending beta globulin anomaly is 
present in all cases. 


TABLE Ill 
CLINICAL AND ELECTROPHORETIC DATA FOR TREATED SYPHILITIC PATIENTS 
& BE Alb.| ai | a2 | B |Alb.| ai | a2 | B 
Secondary Syphilitics 
ST1 |F 114 yr. |+/ Pos. | 2wk. (51.0 |5.8 |10.2 /20.3 112.7 |3.44 10.39 10.69 |1.37 10.86 |6.75 
ST2 |Mj|26| 2 mo. |+/ Pos. | 0 | 8 days {57.7 | 8.9 |15.2 |12.7 |4.52 [0.43 10.70 |1.19 |1.00 |7.84 
|F ? +| Pos. | 0 | 8days [50.6 |5.0 |12.4 /16.1 |15.9 |3.39 10.33 |0.83 |1.08 [1.06 |6.69 
ST4 |F 3yr. |+| Pos. | | 1% yr. [50.6 |5.1 | 9.3 |18.6 [16.3 |3.73 |0.38 [0.69 |1.37 |1.20 |7.39 
ST5 |M(|26| 2yr. |0|Neg.| 0 | 2yr. [59.2 [4.4 | 8.3 |15.6 |12.5 14.09 10.30 10.57 |1.08 10.86 |6.92 
53.8 |5.2 | 9.8 |17.2 |14.0 [3.83 |0.37 [1.22 |1.00 |7.12 
xc 6.3510.79| 2.24) 3.28) 2.8410. 706/0.076/0. 728 
Tertiary Syphilitics 
TT1_ |33) ? 0|Pos.| 0 | 8mo. [54.8 [4.9 |10.1 {17.7 |12.5 |3.71 = 1.20 6.77 
TT2 |Mj61) 5yr. Pos. 0 | [52.3 |3.6 | 9.4 [14.6 |10.1 [3.74 10.22 [0.56 |0.87 10.61 |6.00 
TT3 26 yr. (+! Pos. | + 2mo. [52.9 [4.3 [10.4 |16.8 [15.6 |3.91 [0.32 10.77 11.24 |1.15 [7.40 
TT4 ? 0|Pos.| 0 | 4yr. (58.8 |3.7 | 9.1 |15.1 |13.4 |4.79 10.30 (0.74 {1.23 |1.09 |8.16 
/48) 13 yr. Pos.| | Syr. (62.1 [3.9 | 8.4 |14.5 |11.1 [4.22 (0.27 10.57 10.98 |9.75 16.79 
TT6 |M/46] yr.* Pos. | 0 | lyr. (46.3 (6.5 |14.4 |14.9 |17.8 |3.04 10.43 (0.95 |0.98 |1.17 [6.57 
TT7 |F (22! 3 yr. 0/Pos.| 0 | 3yr. (56.1 [5.4 |12.4 {15.3 |3.82 10.37 10.74 (0.84 |1.04 16.81 
TT8 (F (52) 30 yr. Neg.) 0 | 3yr. (48.1 {7.2 [11.4 |18.5 [14.8 |3.70 10.55 (0.87 |1.42 11.14 |7.69 
TT9 (56) 12 yr. |+| Pos. | 0 | yr. [57.7 |3.8 | 8.0 |13.4 [16.9 |3.66 |0.24 |0.51 [0.85 |1.07 |6.35 
_ 55.5 |4.8 10.2 |15.3 |14.2 |3.84 10.34 10.71 |1.07 10.98 16.95 
5.64/1.32) 1.92) 1.99} 2.5910. 47110. 103/0. 14610. 2090. 180/0. 681 
Congenital Syphilitics 
CT1 |M/28| 28 yr. +|Neg.| 0 | 16 yr. |61.5 |4.2 | 7.8 |12.5 |13.9 13.96 10.27 10.50 10.81 |0.90 |6.45 
CT2 7yr. (|+/Pos.| 0 | Syr. [58.2 |4.0 | 8.4 |11.5 |17.9 |3.71 [0.25 10.54 10.73 |1.14 |6.37 
* Premature tertiary lesions 
t Pregnancy 
Arteriosclerosis; hypertension 
three patients with biologic false-positive Control Sera. Determinations were made 


sera. 


Figure 1 presents eight representative 
serum electrophoretic patterns from controls 
and patients in all stages of the disease. As 
can be seen no new components are evident, 
nor are there any gross alterations in mo- 
bilities apparent. Mobilities were not com- 
puted from the data, but it has been shown 


on twelve normal human sera. Five were 
from males and seven from females. It is 
evident (Table 1) that the concentrations 
of alpha-1 and beta globulins are slightly 
lower in the females. The difference is of 
borderline significance statistically. A larger 
series would be necessary to define this 
difference. Otherwise the patterns appeared 
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identical in composition. The mean values 
for the combined normal series were used 
in the statistical comparisons with the 
various groups of pathologic sera. Differ- 
ences were considered “significant” if the 
statistical probability of their being real 


667 


untreated group had negative serologic 
reactions. Both of these were cases of pri- 
mary disease. One of them (P-3) had a 
normal electrophoretic pattern, the other 
(P-5) had marked changes of the charac- 
teristic type. The latter patient also had 


TABLE IV 
ELECTROPHORETIC DATA FOR PATIENTS WITH FALSE-POSITIVE SEROLOGY 
C iti Component Concentration 
Case Symptoms Spinal] Treat 
No. Sex | Age or Signs Serology Fluid | ment 
ay y |Alb.) a a | y |T 

Q3 | F | 42 | Recent Neg. to| Neg. | 0 52.58 6.99.72 . 46/0 . 80)1 25/0. 85/7 .07 

nerve 4+ to 

deafness | Neg. 
Q4| F | 23 | Pregnant (3+ toNeg. 0 18/0. 33/0. 7010. 83/0. 71|5.75 
Q7 | F | 48 | Neuralgia | 1+ to Neg. | (1938) |48.04/4.92! 9.52/23.01/14.52/3. 1810. 33/0. 63/1 . 52/0. 96/6.62 

maxillary} 3+ to 8 mo. 

nerve Neg. 


was greater than 95 out of 100 (i.e., P less 
than .05). 

Untreated Syphilis. The most striking 
deviation from the normal in the syphilitic 


sera is the fall in albumin. It is apparent in 
the primary stage of the disease and remains 
in the secondary and tertiary stages. The 
change is evident in both the relative per- 
centage and in the concentration. 

The alpha-1 globulin deviates from the 
normal significantly only in secondary 
syphilis in which it appears elevated. The 
alpha-2 globulin is significantly increased 
in both the secondary and tertiary untreated 
syphilitics. Beta globulin is not significantly 
altered in any stage of the untreated disease. 
In all stages of untreated syphilis the gamma 
globulin is significantly elevated. Total pro- 
tein concentration does not vary signifi- 
cantly from the normal in any stage of the 
disease. 

Effect of Treatment. ‘Treated secondary 
and tertiary syphilitics show only small 
deviations from the normal in their electro- 
phoretic serum components. These differ- 
ences are not statistically significant. 

Serologic Reaction vs. Altered Serum Pro- 
tein Fractions. ‘Two of the patients in the 
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chancroid which may have influenced the 
pattern. 

Not all of the patients with positive sero- 
logic reactions have electrophoretic pat- 
terns which deviate significantly from the 
normal. This is particularly evident in the 
treated patients, of whom ten of the total 
of twelve have positive serologic reactions, 
but on the average there is no significant 
deviation from the normal in their patterns. 

Congenital Syphilis. Only three sera were 
available for study. Two of these were 
from treated patients and one from an un- 
treated patient. In none of these cases is there 
any marked deviation from the normal. 

Positive Serologic Reaction without Syphilis. 
In Table rv are the data for three persons 
who had positive serologic reactions at the 
time the sera for electrophoresis were col- 
lected. These were all declared non-syphi- 
litic on clinical evidence after a follow-up 
period of one year. In addition, in all 
patients, the Wassermann reaction even- 
tually reverted to negative spontaneously. 
These patterns deviate from the normal 
principally in having low albumin values. 
Cases Q-3 and Q-4 had elevated alpha-2 
globulins and case Q-7 had a markedly 
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elevated beta globulin. In none of these pa- 
tients did the gamma globulin deviate 
significantly from the normal. 

Other Factors. The relatively small num- 
ber of patients examined from the electro- 
phoretic standpoint precluded the possibility 
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similar to those observed by Neurath,"! the 
full data for which have recently been pub- 
lished by G. R. Cooper and others.? They 
cannot be directly compared with the find- 
ings of J. A. Cooper® because of a difference 
in the methods of expressing globulin 


Fic. 1. Representative electrophoretic patterns. The ascending limb is to the 
left and the descending limb to the right in each pattern set. (1) normal, (2) 
untreated primary, (3) untreated secondary, (4) untreated tertiary, (5) con- 
genital, (6) treated secondary, (7) treated tertiary and (8) biologic false-positive 


of evaluating such factors as the duration of 
treatment, age and sex on the electrophore- 
tic pattern changes. 

None of the patients included in the 
present series had clinical evidence of 
lymphopathia venereum. Frei tests were 
done on ten patients of the group. All were 
negative. 

COMMENTS 


The changes here observed in the elec- 
trophoretic patterns of syphilitic sera are 


values. Using the ratio of each globulin 
fraction to albumin rather than to total 
protein in his computations, J. A. Cooper 
concluded that there was an increase in all 
of the electrophoretic globulin fractions. If 
the data of G. R. Cooper and the present 
observations are expressed in these terms, 
all globulin values appear likewise to be 
elevated. This method of expressing elec- 
trophoretic results, although frequently 
used, leads to erroneous conclusions. The 
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reason for this is easily seen. Ratios of 
globulin: albumin can change because of 
variation in the globulins, the albumin or 
in both. Thus in the case in which all the 
globulins remain the same but the albumin 
is decreased, the globulin: albumin ratios 
will all appear elevated. Such is essentially 
the situation in the electrophoretic patterns 
of untreated syphilitics. This explains the 
apparent discrepancies in the published 
data on syphilitic sera noted above. 

In addition to the changes which have 
already been described the present investi- 
gations bring to light several things which 
have not previously been mentioned. Most 
striking is the return of the pattern toward 
normal with treatment. This occurred in 
most, but not all, of the treated patients. 
Also of interest are the variations in the 
alpha globulins with the various stages of 
the disease. A third point is the early ap- 
pearance of the albumin and gamma globu- 
lin changes in the primary disease and the 
stability of these alterations throughout its 
course in the absence of treatment. 

That the alterations in the electrophoretic 
pattern of syphilitic sera are not diagnostic 
and cannot be used to differentiate true 
syphilitic sera from so-called biologic false- 
positive sera has recently been shown.’ The 
present observations support this. In addi- 
tion the fact that many other diseases pro- 
duce similar pattern alterations®*" further 
diminishes the diagnostic importance of the 
changes observed in syphilis. 

More important, however, than the mere 
recording of electrophoretic pattern altera- 
tions in disease is an attempt to interpret 
these changes in terms of the physiologic 
and biochemical significance in the orga- 
nism. Such an interpretation depends upon 
an understanding of what the Tiselius ap- 
paratus measures, and upon some insight 
into the biologic function of each compo- 
nent measured. 

In the first place, is the electrophoretic 
pattern a true measure of the protein com- 
ponents of the serum? The electrophoresis 
apparatus with the modern optical de- 
vices'*!? measures variations in the refrac- 
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tive index of the solution in various 

of the cell after separation of the colloidal 
components under the influence of an elec- 
tric field. Calculations of the concentrations 
of the serum components have been based 
upon two assumptions: (1) that protein 
alone influences the refractivity of the 
dialysed serum, other substances such as 
lipoid having no appreciable effect and (2) 
that all serum protein fractions have the 
same specific refractivity. 

Recent work, however, casts some doubt 
upon the validity of these assumptions. It 
has been shown that in conditions in which 
serum lipoids are markedly elevated there 
is considerable difference between total 
protein values derived from the refracto- 
metric measurement in the electrophoresis 
apparatus and from nitrogen determi- 
nation.'* Some fractions vary in this respect 
more than others. Thus the albumin fraction 
is not affected by the high plasma lipid levels 
and the gamma globulin is little affected, 
but there is a marked apparent elevation 
of alpha and beta globulins. 

Chief alterations in syphilitic patterns are 
in those fractions which are little, if at all, 
altered by serum lipoid. This, coupled with 
the observation that the serum lipoids are 
only slightly changed in syphilis,‘ indicates 
that the pattern changes seen in untreated 
syphilis probably represent actual changes 
in protein concentration. 

With regard to the biologic significance 
of alterations in the quantity of the com- 
ponents our knowledge is still meager. 
Assuming that the present concept of albu- 
min production in the liver'* is correct, 
then the lowered level of the serum albu- 
min may indicate some disturbance in this 
function of the liver in syphilis. 

The gamma globulin fraction has been 
found to contain many of the known anti- 
bodies. Whether or not all of the fraction 
is composed of immune-body globulin is 
still an unsettled question.’ A rise in gamma 
globulin occurs experimentally in animals 
following the stimulation of antibody pro- 
duction by a wide variety of antigens.'”'* 
Many infections or presumably infectious 
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diseases also produce elevations of gamma 
globulin.®7'*!* In the case of syphilis the rise 
in the gamma globulin is not accounted for 
by the “reagin” since specific absorption 
of this substance does not significantly alter 
the magnitude of the gamma peak.’ It is 
possible that at least part of the increase 
in gamma globulin found in the syphilitic 
sera is in the nature of an anamnestic re- 
sponse and is therefore non-specific. It is 
evident that as yet we can arrive at no 
definitive conclusion concerning the sig- 
nificance of this elevation of gamma globu- 
lin which occurs not only in syphilis but in 
so many other diseases as well. 


SUMMARY AND CONCLUSIONS 


Using the Tiselius method of electro- 
phoresis, studies were made on the proteins 
cf twelve normal, thirty-two syphilitic and 
three biologic false-positive blood sera. The 
following conclusions appear warranted: 
(1) The serum proteins from patients with 
untreated primary, secondary and tertiary 
syphilis deviate significantly from normal. 
Albumin concentration is decreased and 
gamma globulin concentration is increased 
in all stages of the disease. Beta globulin is 
not altered. The alpha-1 globulin is sig- 
nificantly increased in secondary syphilis; 
the alpha-2 globulin is increased in second- 
ary and tertiary syphilis. (2) Serum patterns 
of treated secondary and tertiary syphilitics 
have returned on the average to within 
normal limits. (3) There is a little if any 
correlation between positive and negative 
serologic reactions in syphilis and the 
presence or absence of electrophoretic pat- 
tern alterations. (4) The electrophoretic 
patterns of three patients with biologic 
false-positive sera exhibited changes re- 
sembling, in part, the changes found in 
untreated syphilitics, principally a decrease 
in the albumin concentration. 

The possible significance of albumin and 
gamma globulin alterations in syphilis is 
discussed. 
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Penicillin-resistant Non-hemolytic Streptococ- 


cal Subacute Bacterial Endocarditis 


WILLIAM ‘H. Ciark, M.D., SeRGius BRYNER, M.D. and A. RANTz, M.D. 
San Francisco, California 


HE first reports of the results of 

penicillin therapy in non-hemolytic 

streptococcal subacute bacterial en- 
docarditis were not spectacular and many 
relapses occurred. However, only small 
amounts of the drug had been employed. 
Subsequently, with higher dosages, more 
and more patients have been cured, includ- 
ing many with “resistant”’ strains of strepto- 
cocci. The value of supplementing penicillin 
therapy with anticoagulants, sulfonamides, 
streptomycin and renal tubular blocking 
substances has been considered. Various 
technics for the administration of penicillin 
have been advocated and the duration of 
treatment has varied widely among differ- 
ent investigators. 

The one point of agreement has been the 
realization that large daily doses of penicillin 
should be used in every case of this disease. 
Failure to control the infection with one 
dosage schedule requires a substantial in- 
crease in the amount of drug. Perseverance 
and the administration of very large to 
truly massive doses of penicillin have fre- 
quently resulted in the ultimate cure of 
patients who had suffered repeated relapses. 
The large supplies of highly refined peni- 
cillin now available permit the use of 
quantities sufficient for the cure of nearly 
every case of subacute bacterial endocarditis. 

The purpose of this paper is to present 
nine cases of subacute bacterial endocardi- 
‘tis, treated in the Stanford University 
Hospitals, which have required the ad- 
ministration of 1 to 12 million units of 
penicillin daily. A resumé of the experience 
of other investigators with resistant endo- 


carditis precedes the case reports. Brief 
comments concerning the individual prob- 
lems encountered follow each summary, 
and a discussion of some of the general 
considerations involved in the treatment of 
bacterial endocarditis is presented in con- 
clusion. No consideration will be given to 
factors such as pathogenesis, etiology, diag- 
nosis or complications. 


REVIEW OF THE LITERATURE 


The need for administration of a million 
or more units of penicillin per day in the 
management of some of the more stubborn 
cases of subacute bacterial endocarditis has 
already been stressed by numerous investi- 
gators. Several of these studies will be 
mentioned to emphasize the importance of 
more energetic treatment after failure has 
repeatedly followed therapy with smaller 
doses of penicillin. 

Dawson and Hunter'? eradicated the 
infection in twenty successive cases after 
supplies of penicillin became adequate. 
Failures occurred in a few of the fifteen 
previously treated patients. In four cases at 
least one course of a million or more units 
of penicillin per day was required. One 
patient, Case 16, after a total of 103 days 
of treatment with 200,000 to 500,000 units 
daily had failed, also relapsed following a 
period of twenty-eight days during which 
he received 1,000,000 units daily. Arrest of 
the infection was finally effected when 
2,000,000 units were given daily for two 
weeks. Another patient, Case 17, was similar- 
ly cured when given 1,000,000 units for 
twelve days subsequent to 106 days of 


* From the Department of Medicine, Stanford University School of Medicine, San Francisco, Calif. 
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ineffective treatment with dosages as great as 
500,000 units daily. In Case 25 the daily 
administration of 1,000,000 units for two 
weeks saw successful whereas relapse had 
followed treatment with 500,000 units daily 
for twenty days. 

A different problem was encountered 
with Case 32. Relapse occurred after a 
course of treatment consisting of 500,000 
units for ten days and again after 1,000,000 
units had been administered daily for two 
weeks. A successful result was then achieved 
by giving 500,000 units for four weeks. 

Hunter briefly mentioned four additional 
cases in a more recent communication. 
The first received 20,000,000 units of peni- 
cillin per day for sixteen days after multiple 
failures had followed treatment with daily 
doses of 400,000, 500,000, and 1.5, 2, 5 and 
10 million units. The patient died a few 
weeks later of congestive heart failure, but 
no signs of active infection could be found 
at autopsy. Two patients whose infecting 


organisms required 1.0 unit of penicillin — 


per ml. for inhibition zn vitro were success- 


fully treated with 5 and 10 million units, 


respectively, daily for three weeks. The 
fourth was a case of enterococcal endocardi- 
tis in which 8.0 units of penicillin per ml. 
were needed for in vitro inhibition. A com- 
bination of 4,000,000 units of penicillin and 
4 Gm. of streptomycin given daily for four 
weeks apparently arrested the disease. 
Mokotoff, Brams, Katz and Howell‘ 
reported that large doses of penicillin were 
necessary in three of seventeen cases of 
endocarditis. Relapse and death due to the 
infection followed the daily administration 
of 1,000,000 units for fifteen days in one 
case. This patient had previously received 
smaller amounts of penicillin for 143 days. 
The second patient recovered when 1.2 to 
3 million units per day were administered 
for twenty-eight days after smaller amounts 
of the drug had been ineffective during 117 
days of treatment. A less sensitive organism 
was encountered in the third case. Seven 
days with 1,000,000 units and fourteen days 
* with 2,000,000 units completed a continuous 
course of seventy-six days of therapy. 
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Gerber, Schwartzman and Baehr* men- 
tioned a case of enterococcal endocarditis 
treated with 10,000,000 units of penicillin 
daily for five weeks. Blood cultures remained 
sterile while therapy was in progress but re- 
lapse occurred one week after its completion. 

Avery, Mayer and Nelson® successfully 
treated a patient whose disease was of.two 
years’ duration. Inadequate doses of peni- 
cillin had been employed irregularly for 
eighteen months. The causative organism 
developed moderate resistance and finally 
required 1.4 units of penicillin per ml. of 
medium for inhibition. The administration 
of 3,000,000 units for seventeen days and 
then of 1,500,000 units with diodrast or 
para-aminohippuric acid for twenty addi- 
tional days was effective. 

Loewe, Rosenblatt and Alture-Werber’ 
recently presented a most unusual case of 
very resistant endocarditis due to Veillonella 
gazogenes. Jn vitro inhibition required 30 
units of penicillin per ml. of culture medium. 
The patient received many weeks of treat- 
ment during which daily amounts of 500,000 
to 10,000,000 units of penicillin, with and 
without concomitant sulfonamide therapy, 
were tried. A total of 466,000,000 units was 
administered. Then when 240 Gm. of 
sodium para-aminohippurate were given 
with 10,000,000 units of penicillin daily for 
sixteen days, the disease was clinically 
arrested. 

Priest, Smith and McGee® stated that 
their last fifteen patients have all recovered 
and that most of these have received at 
least 1,000,000 units of penicillin per day. 

Morgan’ treated a very stubborn case of 
endocarditis of undetermined etiology with 
20,000,000 units of penicillin for twenty 
days. The patient died of congestive heart 
failure one month after treatment was 
started. At autopsy the lesions of bacterial 
endocarditis were scarred and apparently 
healed. 


PRESENTATION OF CASES 


Selection of Cases. Thirty-three patients 
with subacute bacterial endocarditis have 
been treated on the medical service of the 
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Stanford University Hospitals since 1943. 
The first twenty-one patients, because of the 
scarcity of penicillin, were selected for 
treatment only if the causative organism 
required not more than 0.1 unit of penicillin 
per ml. of culture medium for in vitro in- 
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On a congenital septal defect was made. In vitro 
sensitivity studies revealed inhibition of the 
organism to be partial with 0.1 and complete 
with 0.2 unit of penicillin per ml. of medium. 
The details of therapy and the course during 
the first sixty days of ineffective treatment are 


October November Oecember 


hibition. These cases have been analyzed 
in previous reports by Bloomfield, Arm- 
strong and Kirby,'® and by Bloomfield and 
Halpern.'' Case 1 of the series to be pre- 
sented is the last of that selected group and 
has previously been reported as Case 4 in 
the paper by Bloomfield and Halpern. 
Cases 1 through vim are all among the last 
twelve consecutive and unselected cases to 
be treated on the medical service. Case 1x 
has been under the care of the Department 
of Pediatrics and permission to include it in 
this group has been kindly granted by 
Dr. H. K. Faber. 

Details of the physical and laboratory ex- 
aminations, such as the presence of pete- 
chiae, splenomegaly, leukocytosis, anemia 
electrocardiographic abnormalities, 
have been omitted from the summaries. 
The essential data of treatment and bacter- 
iologic studies have been tabulated. 


CASE REPORTS 


Case1. N. G., a forty-eight year old female, 
entered this hospital on October 14, 1944, with 
a febrile illness of six weeks’ duration. Several 
blood cultures were positive for non-hemolytic 
streptococci, and the diagnosis of subacute 
bacterial endocarditis probably superimposed 
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shown in Figure 1 and Table 1. The patient 
was readmitted on January 3, 1945, after three 
weeks at home. Combined therapy with peni- 
cillin and sulfadiazine was unsuccessful. Defi- 
nite increase in the resistance of the organism 
to penicillin occurred during this phase. (Fig. 2.) 
A successful outcome followed the use of 1,000,- 
000 units of penicillin per day for sixty days. 
(Fig. 3.) She has remained free from any 
evidence of active infection for over eighteen 
months. 


Comment. ‘This case is reported for the 
second time as it illustrates the principal 
contribution of this paper, namely, that sub- 
acute bacterial endocarditis can be cured 
by the use of larger amounts of penicillin 
after many weeks of treatment have been 
ineffective. | 

The increase in the resistance of the 
causative organism from 0.2 to 1.0 unit of 
penicillin per ml. of culture medium during 
the period when subcurative amounts of 
the drug were being given should be noted. 

Experience with subsequent cases indi- 
cates that initial treatment should have been 
with 1,000,000 units of penicillin daily as 
the organism was only moderately sensitive 
according to in vitro measurements. 
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Fic. 1. Case 1, first ineffective course of therapy. Note that penicillin sensitivity data were not incorporated in this 
graph. There was inhibition initially by 0.1 to 0.2 unit of penicillin per ml. of medium. 


674 


Case u. F. S., a sixty-nine year old male, 
was first seen in this clinic on August 28, 1945, 
with a febrile illness of four months’ duration. 
The presence of subacute bacterial endocarditis 
had been suspected at another hospital but no 
positive blood cultures were obtained. A total 
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no signs of infection for twelve months since his 
discharge. Moderate congestive heart failure 
has developed but it is well controlled with 
digitalis and restriction of activity. 

Comment. This case is not as important 
in regard to the purpose of this paper as the 


Merch 


| 


pit 


3% 
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of 1,700,000 units of penicillin had been given 
in irregular doses between July 12 and August 7, 
1945. The diagnosis was verified by the recovery 
of non-hemolytic streptococci from the blood. 
Sensitivity studies revealed complete inhibition 
by 0.2 unit of penicillin per ml. of medium. 
Aortic stenosis, presumably rheumatic in origin, 
was the underlying valvular lesion. 

Therapy is outlined in the table. Interest in 
the efficacy of a single daily injection of a large 
dose of penicillin resulted in the schedule used 
between August 3ist and October 6th. The 
administration of 1,000,000 units for four days 
was due to a misunderstanding regarding the 
re-evaluation of the sensitivity studies. Cultures 
were sterile during the first thirty-seven days 
of this regimen. When they again became posi- 
tive, therapy was changed to a smaller daily 
amount of penicillin but given in seven divided 


doses. This was continued for twenty-three days. 


during which time blood cultures were sterile. 
Relapse occurred three weeks later, after the 
patient had been dismissed. The in vitro sensi- 
tivity of the newly isolated organism was 0.1 
unit per ml. 

Sixty days’ treatment with 1,000,000 units 
of penicillin daily was successful in producing 
clinical arrest of the disease. There have been 


Fic. 2. Case 1, second ineffective course of therapy. Note increased resistance of organism. 


others because relapse followed inadequate 
therapy. The only conclusion possible re- 
garding the single daily injection of peni- 
cillin is that, with the dose employed, there 
was failure. The organism required 0.2 unit 
of penicillin per ml. for zn vitro inhibition. In 
accordance with current concepts, 1,000,000 
units of the antibiotic should have been 


administered daily when therapy was first 
instituted. 

Case 11. J. K., a thirty-nine year old male, 
was first seen in this clinic on October 30, 1945, 
with an illness of eighteen months’ duration. 
Severe scarlet fever in March, 1944, was fol- 
lowed by six months of poor general health. 
The diagnosis of subacute bacterial endocarditis 
was made in September, 1944, when persistent 
daily fever developed, several blood cultures 
contained non-hemolytic streptococci and a 
heart murmur was noted for the first time. 
Penicillin was administered for more than eight 
weeks (Table 1) following which the patient 
remained quite well for three months. An attack 
of acute tonsillitis occurred on February 28, 
1945, and the first positive blood culture in 
over five months was obtained ten days later. 


Treatment was irregular during the next ninety 
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days and then was allowed to lapse for four 
months prior to entry to this hospital. 

The diagnosis of subacute bacterial endo- 
carditis was confirmed by the recovery of non- 
hemolytic streptococci from several blood 
cultures. The penicillin concentration required 
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for in vitro inhibition and because previous 
treatment had not been effective. 
Case tv. G. S., a thirty-nine year old male, 


was first seen in this clinic on March 6, 1946, 
with subacute bacterial endocarditis of four 


oc 


Fic. 3. Case 1, curative course of therapy. 


for in vitro inhibition was 0.4 unit per ml. The 
valvular lesion was that of aortic insufficiency, 
presumably on a rheumatic basis. 

Bacterial arrest followed treatment with 
1,000,000 units of penicillin for sixty days. 
(Table 1.) No evidence of infection has been 
demonstrated in the subsequent year. 


Comment. Several interesting aspects of 
this case deserve consideration. The pro- 
longed illness started with an attack of 
scarlet fever eighteen months before admis- 
sion to this clinic. This acute episode was 
followed by six months of-generally poor 
health. Bacterial endocarditis may have 
been present during this time but it seems 


more probable that it was a period of - 


active rheumatic heart disease. 

A definite diagnosis of subacute bacterial 
endocarditis was established in September, 
1944, and penicillin was given for two 
months. No streptococci were recovered 
from blood cultures until after an episode of 
acute pharyngitis three months later. This 
may actually have been an instance of rein- 
fection rather than relapse. 

One million units of penicillin per day 
were employed because the causative organ- 
ism required 0.4 unit of penicillin per ml. 
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months’ duration. Treatment at another hos- 
pital (Table 1) had been completely unsuccessful 
as positive blood cultures had been obtained 
while therapy was still in progress. Non- 
hemolytic streptococci were recovered from 
blood cultures on three occasions prior to 
instituting treatment at this clinic. The in vitro 
requirement for inhibition was 0.2 unit of 
penicillin per ml. of medium. A congenital 
septal defect was the most probable anatomic 
cardiac lesion. Nine months after the conclusion 
of sixty days’ treatment with 1,000,000 units 
daily (Table 1), there was no evidence of active 
infection nor of congestive heart failure. 

Comment. One million units of penicillin 
daily were used in the treatment of this 
case because satisfactory results had not 
been obtained during ten weeks of therapy 
with 200,000 and 300,000 units daily. In 
addition the causative organism was slightly 
resistant to the action of penicillin as 0.2 unit 
per ml. was required for complete in vtiro 
inhibition. 

Case v. This case is presented in more detail 


- because of its extreme complexity. C. R., a 


forty-three year old male, was first seen in this 
clinic on March 15, 1946. There had been 
sudden onset of weakness and fever about a 
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month prior to entry and he had received 
1,900,000 units of penicillin in small and irregu- 
lar doses during the next thirty days. Non- 
hemolytic streptococci recovered from blood 
cultures at this hospital required 0.4 unit of 
penicillin per ml. of medium for complete in 


Morch 
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preparation to a less refined product and ano- 
rexia, lassitude, nausea, vomiting, severe dizzi- 
ness, fever and marked discomfort at the sites of 
injection developed within twenty-four hours. 
These symptoms became steadily worse and the 
use of the drug was discontinued. 


April 
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vitro inhibition. A systolic murmur, the presence 
of which had been known to the patient for 
twenty years, was heard and some observers 
also detected a diastolic murmur of mitral 
stenosis. 

The various penicillin and streptomycin 
dosage schedules employed and their effect on 
the temperature, blood cultures and sensitivity 
of the causative organism are given in Table 1 
and in Figures 4, 5 and 6. 

The patient’s general condition improved 
greatly during the first phases of therapy with 
1 to 5 million units of penicillin daily, but blood 
cultures were not consistently negative. The 
alarming increase in the resistance of the 
organism to penicillin and the fact that 5 
micrograms of streptomycin per ml. of culture 
medium produced complete inhibition sug- 
gested the use of the latter agent. 

There were no toxic effects resulting from the 
daily administration of 4 Gm. of the drug, other 
than mild tinnitus for fifteen days. It was then 
necessary to change from a highly purified 


Penicillin was administered temporarily while 
a new supply of purified streptomycin was being 
obtained. Streptomycin was then employed 
again and no untoward reactions occurred until 
a different preparation was substituted seven 
days later. All toxic symptoms reappeared with- 
in thirty-six hours and the drug was withdrawn. 

There was no antibiotic therapy during the 
next three weeks. The main toxic symptoms 
resulting from the administration of strepto- 
mycin disappeared although there was slight 
residual vertigo. Daily fever was present and 
blood cultures were positive. Jn vitro studies 
revealed an increase in sensitivity to penicillin, 
to that originally obtained. Moderate resistance 
to streptomycin had developed. : 

All toxic reactions had occurred when less 
highly refined preparations of streptomycin 
were employed and for that reason a third trial 
with the purified drug was made when a new 
supply was available. Toxic symptoms were very 
severe almost immediately. In addition to the 
effects previously mentioned, there was marked 
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numbness and tingling around the mouth and 
along the distribution of the left ulnar nerve. 
The use of the drug was promptly discontinued. 

Bacterial arrest of the disease was finally 
achieved following sixty days of treatment with 


8,000,000 units of crystalline penicillin daily. 


April Moy 
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of performing in vitro sensitivity studies 
before instituting treatment and frequently 
thereafter in cases not promptly rendered 
bacteria-free. The first clue suggesting that 
this might be a resistant case was the initial 
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Fic. 5. Case v, ineffective streptomycin therapy. Note extreme increase in penicillin resistance. 


(Fig. 6.) Sample serum penicillin levels 30, 60 
and 120 minutes after an intramuscular injection 
of 1,000,000 units of penicillin were 10, 6.7 and 
4 units per ml., respectively. These figures 
represent levels fifty-fold to ten-fold greater 
than the in vitro inhibiting concentration of 
0.2 to 0.4 unit per ml. of medium. 

This patient received 627,000,000 units of 
penicillin and 121.5 Gm. of streptomycin during 
175 days in the hospital.* During the follow-up 
period of five months since discharge there has 
been no evidence of active infection. Minimal 
signs of congestive heart failure have recently 
been noted. 


Comment. ‘This case, without doubt, can 
be considered a real medical triumph. It 
illustrates the desirability, even obligation, 


* The Commercial Solvents Corporation gencrously 
supplied large amounts of crystalline penicillin for 
the treatment of this patient. The streptomycin used 
was allocated by the Committee on Chemotherapeutics 
and Other Agents of the National Research Council. 
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sensitivity figure of 0.2 to 0.4 unit of peni- 
cillin per ml. of medium required for in- 
hibition. Had that information not been 
at hand, 1,000,000 units per day would not 
have constituted the starting dose and more 
time would have been lost with even less 
effective treatment. Subsequently, repeated 
sensitivity studies revealed a steady increase 
in the resistance of the organism to 1.6 and 
3.2 units per ml. while 2.4 and 5 million unit 
daily doses failed to control the infection. 
Valuable information was also gained from 
the streptomycin sensitivity studies. 

The practical aspects of giving 1,000,000 
units of penicillin in a single dose intra- 
muscularly, as when the patient was receiv- 
ing 8,000,000 units daily, are important. 
It was necessary to use crystalline penicillin. 
Very little discomfort was experienced by 
the patient when the full amount was con- 
fined to a volume of 6 ml., of which 1 ml. 
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was | per cent procaine solution. The mus- 
cles of the thighs were utilized as well as 
those of the buttocks and the sites of injec- 
tion were carefully rotated. 

The value of giving a “rest” from peni- 
cillin administration in cases in which there 
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for sixty days during which time roughly 
10,000,000 units had been given in intermittent 
intramuscular injections. Daily dosages of 
400,000 units had been employed during the 
last three weeks. Failure was indicated by the 
persistence of fever and general symptoms. 
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Fic. 6. Case v, curative penicillin therapy with 8,000,000 units daily. Note return to initial penicillin sensitivity. 


is a marked increase in the resistance of the 
organism to the drug during treatment is 
clearly demonstrated. During a five-week 
period when no penicillin was administered 
the causative organism reverted from the 
high degree of acquired resistance to the 
original degree of moderate sensitivity. It 
is of interest that resistance to streptomycin 
was increasing meanwhile during the ad- 
ministration of that agent. The most impor- 
tant of all lessons learned from this difficult 
case, however, was that of the need for 
perseverance in spite of a long period of 
failure. 


Case vi. J. W., a forty-five year old male, 
entered this hospital on April 2, 1946, with a 
febrile illness of six to eight months’ duration. A 
presumptive diagnosis of subacute bacterial 
endocarditis had been made elsewhere without 
bacteriologic confirmation in January, 1946, and 
penicillin had been administered fairly regularly 


Non-hemolytic streptococci were recovered 
from the blood at this clinic. The organism 
required 0.4 unit of penicillin per ml. of medium 
for complete inhibition. A diagnosis was made 
of subacute bacterial endocarditis on the basis 
of inactive rheumatic heart disease. Therapy is 
indicated in Table 1. 

The evaluation of progress was complicated 
by the presence of moderate fever almost daily 
during treatment. Much discomfort resulted 
from the administration of 500,000 units of 
amorphous penicillin intramuscularly every 
three hours. This was minimized by diluting 
the drug in 4.0 ml. of distilled water and 1.0 ml. 
of 1 per cent procaine solution. Half of this was 
given in each thigh or buttock. Several areas of 
subcutaneous aseptic necrosis developed. All 
blood cultures taken during treatment and dur- 
ing the eight months’ follow-up period have 
been sterile. The fever promptly disappeared 
after the administration of penicillin was dis- 
continued. There has been no evidence of 
congestive heart failure. 
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Comment. This is a case with a moder- 
ately resistant organism. Difficulties had 
already been encountered in the manage- 
ment of Case v, who was on the ward at the 
same time, and the penicillin sensitivity 
figures were initially the same for both 
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and 12th. Growth occurred in forty-eight hours 
and in vitro sensitivity studies revealed complete 
inhibition of the organism by 0.05 unit of 
penicillin per ml. of medium. 

+ Marked aortic insufficiency was indicated on 
entry by the blood pressure, which was 124/30, 


October § November 
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Fic. 7. Case vn, failure to eradicate infection in subacute bacterial endocarditis caused by streptococcus which was 
inhibited in vitro by 0.05 unit of penicillin. Note that sixteen to thirty-one days were required for growth of the 


organism in blood cultures after relapse. 


cases. These influencing facts resulted in 
the use of 4,000,000 units of penicillin daily. 

This case illustrates what others have 
noted, namely, that occurrence of fever 
during treatment, if the blood cultures are 
sterile, does not necessarily indicate inade- 
quate therapy. In this instance the con- 
tinued fever was probably due to the local 
tissue reactions resulting from the adminis- 
tration of large amounts of amorphous peni- 
cillin. These reactions were more severe 
than those experienced by other patients 
receiving much larger doses of crystalline 
penicillin (Cases v and vim). 


Case vu. F. T., a forty-one year old male, 
entered this hospital on June 12, 1946, with a 
febrile illness of five months’ duration. The 
patient had known that he had rheumatic heart 
disease. A tooth was extracted in October, 1945. 
The onset of fever and beginning weight loss was 
in January, 1946. Several blood cultures, taken 
in another hospital in April, were sterile. 

Non-hemolytic streptococci were isolated 
from blood cultures at this clinic on June 8th 
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and by the x-ray demonstration of a moderately 
enlarged heart. There were no signs of conges- 
tive heart failure. Daily dosages of 320,000 units 
(Table 1 and Fig. 7) were employed as the 
Causative organism was very sensitive to peni- 
cillin. The course during the sixty days of 
treatment was ideal and the patient was dis- 
charged with the disease apparently arrested. 

Fever recurred two weeks later and a non- 
productive cough developed but blood cultures . 
were negative. Symptoms persisted and the 
patient was hospitalized on September 16th. 
Clinically, relapse had occurred but no organ- 
isms could be recovered from the circulating 
blood during two weeks of observation prior 
to the re-institution of treatment with 1,000,000 
units of penicillin per day. (Table 1 and Fig. 7.) 
There had been a further increase in the size 
of the heart but frank congestive heart failure 
was not present. 

Growth appeared in two blood cultures 
thirty and thirty-one days after they had been 
taken. The organism was a _ streptococcus | 
morphologically but it could not be sub- 
cultured and sensitivity studies were technically 
impossible. 
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Progress during the first month of the second 
course of treatment seemed entirely satisfactory. 
Penicillin serum levels were 4.0, 2.0, 0.6, and 
0.4 units per ml. 30, 60, 120 and 180 minutes, 
respectively, after the injection of 125,000 units 
intramuscularly. 

The first bout of nocturnal dyspnea occurred 
on November 4th. Rales and venous distention 
were present. Prompt digitalization was effec- 
tive. On November 7th and November 11th 
graded exercise tests, using a pedal board, were 
given as part of a special study. Each test lasted 
about five minutes. A moderate chill and an 
abrupt transient elevation in the temperature 
occurred about thirty minutes after each of 
these. (Fig. 7.) Blood cultures were obtained 
during both chills and growth appeared sixteen 
days later in the one taken on November 11th. 
The organism was a streptococcus but could not 
be subcultured. No other blood cultures during 
the second course of treatment were positive. 

Dyspnea became very severe on November 
22nd and the patient died of congestive heart 
failure on November 27, 1946. At autopsy the 
aortic valve was found to be greatly distorted, 
with marked fibrosis, fusion of the commissures 
and shortening and perforation of the leaflets. 
Fresh vegetations were attached to the torn 
cusps. An active inflammatory process and 
many gram-positive cocci were demonstrated 
by histologic examination. Cultures made from 
bits of ground vegetation yielded diphtheroids 
and overgrowth by these contaminating organ- 
isms prevented the possible isolation of the 
slow-growing streptococci. 


Comment. This was the only failure in 
the group. There was a difficult bacteriologic 
problem. Streptococci were recovered in 
forty-eight hours from blood cultures taken 
on entry to this clinic. Growth and sub- 
cultures were, satisfactory. The original 
sensitivity figure of 0.05 unit of penicillin 
per ml. of medium therefore seems perfectly 
valid. After relapse had occurred no growth 
was detected in blood cultures until there 
had been thirty days of incubation. The 
advisability of keeping all cultures for at 
least a month before discarding them as 
_ sterile is illustrated. 

The well known fact that the prognosis 
must be extremely guarded while treatment 
is in progress is exemplified by this case. The 
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clinical response was ideal during the entire 
sixty-day period of initial therapy. The 
temperature fell quickly to normal and 
blood cultures were repeatedly sterile. 

Penicillin in amounts greater than 1,000,- 
000 units per day should, perhaps, have 
been used since there were incomplete data 
about an organism which had resisted 
earlier treatment. The clinical response 
during the first month of the second course 
of penicillin therapy was also very satis- 
factory and hence misleading. The single 
positive blood culture obtained during the 
course of treatment, because of its very slow 
growth, gave information too late to permit 
a further increase in the penicillin dosage 
prior to death. 


Case vin. C. G.,a -four year old male, 
entered this hospital on June 21, 1946. Fever, 
weakness and weight loss had been present since 
May, 1945. The diagnosis of subacute bacterial 
endocarditis, due to an enterococcus, was made 
at another hospital in May, 1946. A congenital 
septal defect was considered to be the under- 
lying abnormality. Treatment with 300,000 and 
800,000 units of penicillin daily was given during 
the four weeks prior to transfer to this hospital. 

Non-hemolytic enterococci (Streptococcus 
faecalis), requiring 10.0 units of penicillin per 
ml. of culture medium for inhibition, were 
recovered from the blood. There was evidence 
of a diffuse renal lesion. The following data were 
derived from a timed urine examination with 
Addis count: specific gravity 1.013, total protein 
excretion 0.3 Gm. per twenty-four hours, 
1,000,000 casts per twenty-four hours, 98,000,- 
000 white and epithelial cells, and 44,000,000 
red blood cells per twenty-four hours. Phenol- 
sulfonphthalein excretion was 27 per cent in two 
hours. The blood urea concentration was 66 mg. 
per 100 ml. 3 

Crystalline penicillin* was used exclusively 
for treatment, 12,000,000 units per day being 
administered. (Table 1). The last thirty days of 
therapy were received at a hospital of the 
Veterans’ Administration. Thirty minutes after 
an intramuscular injection of 1,500,000 units, 
serum levels were as high as 100 units per ml., 


* A large quantity of crystalline penicillin was donated 
by the Commercial Solvents Corporation for the treat- 
ment of this patient. 
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and two hours later, 20 to 50 units per ml. were 
still present. 

An erythematous macular rash developed on 
two occasions during therapy. This promptly 
disappeared following the administration of 
benadryl. 

The clinical response was prompt and sus- 
tained. There has been no evidence of active 
infection during the six months since the com- 
pletion of therapy. The status of the renal lesion, 
- however, remains in doubt. The blood urea has 
remained slightly elevated, the last determina- 
tion being 53 mg. per 100 ml. Urinary protein 
excretion has decreased from 0.3 to 0.09 Gm. per 
twenty-four hours but the patient’s blood pres- 
sure has progressively risen from 130/78 to 
190/118. There has been no evidence of con- 
gestive heart failure. 


Comment. The causative organism in 
this case was an enterococcus (Streptococcus 
faecalis) requiring 10.0 units of penicillin 
per ml. for in vitro inhibition. Truly massive 
daily amounts of penicillin must be ad- 
ministered in order to obtain serum concen- 
trations of the drug adequate to affect such 
an extremely resistant organism. Doses of 
8,000,000 and 12,000,000 units per day 
were employed with success. Due to moder- 
ate renal insufficiency, serum penicillin 
levels were several-fold greater than are 
usually obtained with comparable doses. 
It is probable that arrest of the disease 
might not have been achieved had renal 
function been normal. 


Case 1x. R. F., a nine year old schoolboy, 
entered the pediatric service on October 17, 
1946, with a febrile illness of ten days’ duration. 
Non-hemolytic streptococci were recovered 
from blood cultures. Jn vitro inhibition was com- 
plete in a concentration of.0.05 unit of penicillin 
per ml. of medium. The boy was moderately 
cyanotic and congenital pulmonic stenosis 
without other anatomic abnormalities was 
demonstrated by angiograms. 

Treatment with 400,000 units of penicillin 
daily for fifty-one days (Table 1) was accom- 
panied by prompt clinical response. All blood 
cultures were sterile. The child was discharged 
one week after the completion of therapy. 

Two blood cultures, taken two and four days, 
respectively, after the last injection of penicillin 


were positive nine days later. The slow growing 
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organism was morphologically a streptococcus 
but it could not be subcultured. No penicillin 
sensitivity studies were possible. 

Moderate fever was present when the child 
was re-admitted on December 21, 1946. Peni- 
cillin therapy was re-instituted and the daily 
dosage increased to 2,000,000 units. (Table 1.) 
The duration of treatment was twenty-four 
days. There was occasional low-grade fever 
while therapy was in progress but blood cultures 
were consistently negative. All blood cultures 
have been sterile for eight weeks following the 
conclusion of treatment. 


Comment. This boy weighed only 23 Kg. 
so the initial daily dose of 400,000 units of 
penicillin was-very liberal. The organism 
was highly sensitive to penicillin. Treatment 
was prolonged and the clinical course ideal 
but relapse occurred within two days. The 
cultural characteristics of the streptococcus 
recovered had changed greatly; growth was 
slow and subculturing impossible. 

The recent experience with Case vu had 
been very similar and it was of great in- 
fluence in reaching the decision to increase 
the daily dose of penicillin five-fold and 
continue treatment for only three weeks. 
It is still much too early to know how suc- 
cessful such a regimen may have been. 
This is another instance in which apparent 
arrest of the disease during active therapy 
was very misleading. 

COMMENT 


Penicillin Dosage. Dosage schedules, 
proposed in some of the more encouraging 
of the earlier reports of penicillin therapy 
in subacute bacterial endocarditis, *!%!** 
were of necessity restricted because small 
supplies of the drug were available. Only 
cases with very sensitive causative organisms 
could be effectively treated. These reports 
indicated that penicillin in daily doses of 
100,000 to 300,000 units was effective in a 
large percentage of the cases and, until 
about the middle of 1945, it was believed 
that 300,000 units comprised an adequate 
initial daily dosage. Subsequently, numer- 
ous patients were cured only when larger 
amounts of the drug were employed. 
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Until recently insufficient data had been 
accumulated to permit any correlation 
between studies of the i vitro penicillin 
sensitivity of the causative organism and the 
response to therapy. It is now known that 
such tests, at best, are not always reliable 
guides to treatment but they usually provide 
valuable information. The technics em- 
ployed vary in different laboratories. Cau- 
tion must be exercised when evaluating the 
results of such studies done by workers inex- 
perienced in these procedures. 

There is, nevertheless, fairly general 
agreement that organisms which are in- 
hibited by 0.1 unit or less of penicillin per 


- ml. of culture medium may be considered 


sensitive. Those requiring 0.2 to 0.4 unit 
per ml. are classified as moderately sensitive, 
and those requiring 0.5 to 5, 10 or more 
units as moderately to very resistant. 
Fortunately, about 90 per cent of all non- 
hemolytic streptococci (Streptococcus viri- 
dans is included in this group) fall into the 
sensitive group.'* The enterococcus (Strep- 
tococcus faecalis) is always very resistant. 
Most investigators believe that serum peni- 
cillin levels of four to eight times the concen- 
tration required for in vitro inhibition of the 
organism should be obtained for effective 
treatment. Data have been accumulated by 
which serum penicillin levels can be crudely 
estimated in advance for various doses given 
by different routes. 

Initial daily penicillin dosage schedules 
derived from the in vitro sensitivity of the 
causative organism may be proposed on the 
basis of information obtained in the treat- 
ment of subacute bacterial endocarditis in 
this and other clinics.**'!*:!*!6 Patients with 
sensitive organisms should receive at least 
500,000 units of penicillin daily. If 0.2 to 
0.4 unit of penicillin per ml. of culture 
medium is required for inhibition, the 
administration of 1 to 2 million units per 
day is advised. Most patients with organ- 
isms inhibited by about 1.0 unit per ml. 
require 5,000,000 units daily. 

The necessary dose for the treatment of 
cases with very resistant organisms is 
difficult to estimate. The enterococcus 
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(Streptococcus faecalis) is most frequently 
encountered in this group and occasionally 
concentrations of 50 to 100 units per ml. 
are required for in vitro inhibition. It is 
doubtful whether patients with such exces- 
sively resistant organisms can be cured with 
any practicable amounts of penicillin. 
Fortunately, most enterococci are inhibited 
by 5 to 10 units per ml. and the administra- 
tion of 10 to 20 million units of penicillin 
per day may well be followed by a satis- 
factory result. No published reports of the 
daily use of more than 20,000,000 units of 
penicillin have appeared, but there is no 
reason to believe that larger amounts can- 
not be given if warranted by the clinical 
situation. 

Therapeutic failures in patients with 
subacute bacterial endocarditis treated with 
dosage schedules derived from in vitro 
penicillin sensitivity values will continue to 
occur from time to time. These will be less 
frequent, however, when there is a rational 
guide to the initial management, especially 
when it has been found that the organism 
is not highly sensitive. Difficulties in treat- 
ment can then be anticipated and therapy 
scaled upward as ind icated. All of the cases 
reported in this paper, except vil and Ix, 
are examples of the usefulness of such 
knowledge. The exceptions illustrate how 
in vitro tests may be misleading. The causa- 
tive organisms were apparently most sensi- 
tive but treatment was unsuccessful. These 
failures further emphasize the advisability 
of using 500,000 or more units of penicillin 
daily for all patients even though many can 
be cured with smaller amounts. 

It is difficult to estimate the dosage of 
penicillin which is required when the circu- 
lating blood is not sterilized promptly or in 
patients who have relapsed. The in vittro 
sensitivity of the organism may help in 
arriving at a decision. Occasionally a 
definite increase in resistance has occurred. 
More prolonged treatment with the same 
inadequate daily dose is not often effective. 
Drastic increases of five- to ten-fold are 
advised for every case failing to respond to 
therapy. Some patients will be overtreated 


AMERICAN JOURNAL OF MEDICINE 


Subacute Bacterial Endocarditis—Clark et al. 
but this is necessary if the maximal number | 


of recoveries is to be obtained. 

Organisms are occasionally encountered 
which are slow growing and difficult to 
subculture. Sensitivity studies are then 
technically impossible. This problem was 
encountered in Cases vu and 1x after relapse 
had occurred. Whenever bacteriologic in- 
formation is incomplete, very large amounts 
of penicillin should be given. 

Mention should be made at this point of 
the identification by Loewe, Plummer, 
Niven and Sherman" of a newly recognized 
strain of non-hemolytic streptococcus, tenta- 
tively called Streptococcus s.b.e. Loewe 
and Alture-Werber have described cases of 
subacute bacterial endocarditis due to this 
strain.'® Apparently the organism is sensi- 
tive to the zn vitro action of penicillin but is 
resistant to treatment. The organisms re- 
covered from the nine cases reported have 
been studied from the standpoint of the 
cultural and biochemical characteristics 
described for this strain of streptococcus. 
None could be fitted into this classification. 

Route of Administration. There is disagree- 
ment in regard to the route of choice for the 
administration of penicillin. The advantages 
of continuous intravenous or intramuscular 
infusion as compared to intermittent intra- 
muscular injections have been widely dis- 
cussed. Fairly constant serum levels are 
maintained at all times during the continu- 
ous administration of penicillin; their magni- 
tude depends on the total daily dose. Much 
higher serum levels, on the other hand, are 
obtained for thirty to sixty minutes after 
each single injection when the same daily 
amount of penicillin is given in multiple 
divided doses. The more effective route 
cannot be determined at present as not 
enough is known about the fundamental 
mechanism of the action of penicillin on 
bacteria in the body. 

An attractive hypothesis is strongly em- 
phasized by Gerber, Schwartzman and 
Baehr® who believe that the very high (as 
great as 500 times the in vitro inhibiting 
concentration in the case of very sensitive 
organisms) serum penicillin levels obtained 
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by giving a “booster dose” twenty minutes 
after a regularly scheduled injection allow 
better penetration of the drug into the 
depths of the vegetations. 

There are fewer technical difficulties for 
the attendants, and the patients are afforded 
a much greater degree of freedom when the 
intermittent injection method is used. The 
criticism that large single doses are poorly 
tolerated by the patient has been largely 
overcome by the use of crystalline penicillin. 
In Case vin the patient received 1,500,000 
units in each injection. Procaine was added 
to the solution and there was very little 
local discomfort. 

The suggestion has been made? that the 
more simple intermittent intramuscular in- 
jection method be used initially in the treat- 
ment of subacute bacterial endocarditis but 
that continuous drip therapy should be 
employed if results are not satisfactory. All 
of the patients included in this paper except 
Case 1 were treated solely with multiple 
injections of penicillin. 

An additional observation indicates that 
a twenty-four-hour effective serum peni- 
cillin level is not necessary. Although failure 
occurred when the patient in Case 1 was 
treated with a single injection of 500,000 
units daily, another patient was clinically 
cured when 200,000 units were given twice 
a day for eight weeks. The course was as 
satisfactory in every way as that of others 
treated with a similar amount of penicillin 
in eight smaller doses daily. 

It is probable that the route of adminis- 
tration is not important. Good results with 
all methods have been obtained by satisfy- 
ing the fundamental requirement that 
enough penicillin be given during each 
twenty-four-hour period. 

Geiger and Goerner’® recently presented 
an encouraging preliminary report on the 
use of penicillin in oil and beeswax in the 
treatment of three patients with endocardi- 
tis. More information is needed before the 
widespread use of this preparation can be 
recommended. It is to be anticipated that 
its administration will be limited to patients 
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requiring relatively small daily amounts of 
penicillin. 

There seems to be no place for penicillin 
given orally in the therapy of subacute 
bacterial endocarditis since it is neither an 
economical nor a sure method. Five to ten 
times the parenteral dose must be ad- 
ministered by mouth in order to obtain 
comparable serum penicillin levels. Ab- 
sorption is irregular, undependable and 
varies greatly in its relation to meals. 

Duration of Therapy. It has been difficult 
to establish an optimal period of treatment 
for subacute bacterial endocarditis. Autop- 
sies have been done on numerous cases in 
which the active infectious process appar- 
ently had been arrested prior to death 
due to some other cause. Analysis of the 


findings reveals much variation in the time * 


required for complete healing of the vegeta- 
tions. Cocci have been found by micro- 
scopic examination of the vegetations as 
long as three months after the completion 
of sixty consecutive days of penicillin 
therapy.”° These have been located in small 
areas of necrosis and leukocytic infiltration 
deep in scarred and nearly healed lesions. 
It is of interest that cultures prepared from 
ground portions of these vegetations were 
sterile. 

In contrast, other investigators**:?! have 
not been able to demonstrate the presence 
of bacteria in lesions examined a few weeks 
after the conclusion of treatment with 
comparable daily amounts of penicillin 
given for only two to four weeks. 

It is difficult to know how much impor- 
tance should be attached to the knowledge 
that bacteria may still be present in the 
heart valves weeks after the infection has 
been clinically controlled. Accumulating 
evidence suggests that relapse usually occurs 
within days or a very few weeks of the time 
treatment has been stopped. If this is true, 
persisting foci of organisms surrounded 
by scar tissue may not be indicative of 
ultimate recurrence of the infection. 

Since the study of the anatomic end result 
does not furnish the answer, the pooling of 
experience with many cases must be the 
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guide in determining the adequate period 
of treatment. Evidence is now at hand which 
suggests that the critical factor is the dose of 
penicillin employed. Numerous cases have 
been reported in which failure has followed 
the administration of increasing but inade- 
quate amounts of the drug for long periods. 
Then, when penicillin in quantities ade- 
quate for that particular case was given, a 
few days of treatment were sufficient. Some 
striking examples have been cited in 
the review of the literature previously 

The prolonged periods of treatment given 
to the patients discussed in this paper 
now seem excessive. Those that responded 
promptly probably would have been cured 
with much briefer therapy. On the other 
hand, those that required multiple courses 
of penicillin with increasing dosages were 
not treated soon enough with the daily 
amount of penicillin required to arrest the 
infection. It is of utmost importance that 
the required curative daily dosage be em- 
ployed at the earliest possible time. This 
will minimize the dangers of the develop- 
ment of increased penicillin resistance of the 
organism and of additional deformity of 
the valve during prolonged subcurative 
therapy. Every patient with streptococcal 
subacute bacterial endocarditis should re- 
ceive 500,000 or more units of penicillin 
daily as indicated by the organism’s sensi- 
tivity. The period of treatment should be 
approximately four weeks. This regimen 
will be followed by arrests of the infection 
in nearly all Difficult 
problems will be recognized much more 
quickly, and drastic increases promptly 
made in the daily amount of penicillin 
used if the duration of the initial course has 
been no longer than one month. 


SUPPLEMENTARY THERAPEUTIC MEASURES 


Anticoagulants. ‘The use of heparin and, 
to a lesser degree, dicumarol in the therapy 
of endocarditis was advocated first in the era 
of the sulfonamide treatment of this disease. 
Shortly after the advent of penicillin therapy 
evidence indicated that benefit was derived 
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from the combined use of penicillin and 
heparin.'* Subsequent reports, however, 
have revealed that no advantage is gained 
from the use of anticoagulants.”""""4 A 
recent communication® added what should 
be the final argument against the necessity 
or even advisability of employing these 
drugs. There was no lower incidence of 
embolic phenomena and, of greater impor- 
tance, fresh fibrin deposits on the diseased 
heart valves were demonstrated at autopsy 
in patients who received heparin. The 
nature of these findings, when added to 
the dangers of uncontrolled hemorrhage, 
increased technical difficulties and much 
greater expense, definitely argues against 
anticoagulant therapy in this disease. It has 
been suggested that small amounts of 
heparin, such as 50 mg., when incorporated 
in a day’s supply of infusion fluid may be 
of help in preventing local clotting in the 
needle and adjacent vein during continuous 
intravenous therapy. This is a particularly 
useful procedure when para-aminohippuric 
acid or diodrast is given.*’ 

Renal Tubular Blocking Substances. Sub- 
stances that interfere with the excretion of 
penicillin by kidney tubules have been 
employed in order to obtain higher serum 
levels without increasing the dose of peni- 
cillin. It has been shown that the simultane- 
ous administration of penicillin and sodium 
para-aminohippurate or diodrast by con- 
tinuous infusion maintains serum levels 
several-fold greater than those obtained 
when penicillin is given alone.2&?"** Strik- 
ing clinical applications of these methods 
have reported.*’? These preparations 
have not been extensively used because 
they are expensive and require continuous 
infusion. In order to overcome this last 
objection, benzoic acid has been adminis- 
tered orally.?!?® Serum levels were obtained 
comparable to those to be expected from 
doses of penicillin six to ten times as great 
if given alone. 

The encouraging effects derived from the 
use of these renal tubular blocking sub- 
stances has led to further research in an 
effort to discover others. Clinical investiga- 
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tions with caronamide (4’-carboxy-phenyl- 
methanesulfonanilide), a new oral drug, are 
currently in progress.*° 

Streptomycin. Because of the widespread 
use of streptomycin in infections due to 
gram-negative organisms, its effectiveness 
against gram-positive cocci is not appreci- 
ated. Many strains of streptococci and 
staphylococci are relatively susceptible or 
very sensitive to the action of this antibiotic. 

Whenever a case of subacute bacterial 
endocarditis caused by a resistant organism 
is encountered, sensitivity studies with 
streptomycin should be done. The com- 
bined use of the two drugs may be effective 
when either given alone is not. The case of 
enterococcal endocarditis previously men- 
tioned is an illustrative example.* The 
ultimate eradication of the infection in 
Case v was accomplished by the use of 
penicillin but it is not unreasonable to 
assume that benefit was derived from the 
administration of streptomycin. 

Prophylaxis. The administration of sul- 
fonamides and penicillin at the time of tooth 
extraction, tonsillectomy and operative 
genitourinary procedures in all cases of 
known valvular or congenital heart disease 
is an accepted prophylactic measure against 
the possible development of subacute bac- 
terial endocarditis. An adequate program 
has not yet been established. Hunter”* 
reports the disease following tooth extrac- 
tion in a patient who had received full 
doses of sulfadiazine and 25,000 units of 
penicillin every three hours for two days. 
He and his colleagues now give 100,000 
units every three hours with full doses of 
sulfadiazine for two days, and then con- — 


‘tinue the sulfadiazine alone for several 


additional days. 


CONCLUSIONS 


The infectious process can be arrested in 
nearly every case of non-hemolytic strepto- 
coccal subacute bacterial endocarditis if 
enough penicillin is administered in each 
twenty-four-hour period. Nine cases have 
been presented, each of which has received 
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from 1 to 12 million units of the antibiotic 
daily. Fight patients have recovered.. 

Some definite recommendations for the 
treatment of this disease have been derived 
from the analysis of these cases and from 
those reported by others. The in uittro 
penicillin sensitivity of the causative organ- 
ism should, if possible, be determined before 
therapy is instituted. The initial daily 
dosage of penicillin should be based on 
these studies. Cases with sensitive organisms 
should receive at least 500,000 units per day. 
When the causative organism is moderately 
or markedly resistant, 1, 5, 10 or even 20 
million units should constitute the daily 
dosage. 

The duration of therapy should be ap- 


proximately four weeks. More prolonged — 


therapy is usually unnecessary if adequate 
amounts of penicillin are used, and increased 
resistance of the organism to penicillin 
may develop under prolonged subcurative 
dosage. 

The daily penicillin dosage should be 
drastically increased five- to ten-fold if the 
circulating blood is not promptly sterilized 
after treatment has been started or if 
relapse occurs subsequent to its completion. 
There will be instances. cf unnecessarily 
intensive therapy but arrest of the infection 
should more nearly approach 100 per cent. 

The drug may be effectively adminis- 
tered by continuous drip or intermittent 
intramuscular injections. The latter method 
is more simple and very large individual 
doses of crystalline penicillin can be given 
with minimal local discomfort. The use of 
anticoagulants is not indicated. Strepto- 
mycin may advantageously be used alone 
or simultaneously with penicillin in some 
very resistant Cases. 


ADDENDUM 


One year after submitting this article, 
all eight of the living patients remain free 
from any evidence of recurrent infection. 
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Expulsion of Group A Hemolytic 
Streptococci in Droplets and Droplet Nuclei 
by Sneezing, Coughing and Talking” 


Morton HAMBURGER, JR., M.D. and O. H. ROBERTSON, M.D. 


Cincinnati, Ohio 


HE number of group A beta hemo- 

lytic streptococcif which carriers 
expelled into sterile handkerchiefs 

when they sneezed, coughed or blew their 
noses was determined in_ investigations 
among army personnel in 1944 and 1945.! 
These studies revealed that nasal carriers 
frequently discharged hundreds of millions 
of hemolytic streptococci into handkerchiefs 
when blowing their noses. Sneezing ex- 
pelled far fewer, the output of single sneezes 
of throat carriers ranging from none to 


106,000 and of nasal carriers from none to. 


50,000,000. Most coughs were entirely free 
of these bacteria although rare coughs 
dispersed 40,000 to 50,000. 

Although these experiments afforded 
information about the maximum number 
of hemolytic streptococci which might be 
discharged by the three respiratory activi- 
ties studied, they gave no indication as to 
whether organisms sneezed or coughed were 
propelled through the air far from the 
carrier, whether they were largely contained 
in heavy droplets which fell rapidly to the 
floor, or whether they remained floating 
about in the form of “droplet nuclei.’’? 
Furthermore, in several instances the hemo- 
lytic streptococci recovered from handker- 
chiefs held over the mouth during sneezing 
(nasal and oral sneeze discharges were 
collected in separate handkerchiefs) greatly 


t The terms group A streptococci, beta hemolytic 
streptococci and hemolytic streptococci are used inter- 
changeably in this paper and indicate group A hemolytic 
streptococci. 


Chicago, Illinors 


exceeded the total numbers which could be 
accounted for by the atomization of many 
cc. of the carrier’s saliva, the beta strepto- 
coccal content of which had been ascer- 
tained. It seemed likely that this discrepancy 
could be explained by contamination of the 
mouth handkerchief with non-atomized 
secretions which issued from the nose during 
sneezing. Thus it appeared that the number 
of hemolytic streptococci propelled directly 
into the air in either heavy or light droplets 
might be much smaller than the number 
collected by a handkerchief held over the 
mouth. 

Although sneezing and severe coughing 
are not ordinarily important symptoms 
of streptococcus carriers,'* it nevertheless 
seemed desirable to amplify the earlier 
studies in order to ascertain how many 
streptococci may actually be expelled into 
the air during these activities as well as by 
talking, a more common although less 
violent exercise. Studies of this nature were 
made possible by the availability, at the 
University of Chicago, of rooms especially 
designed‘ for the investigation of air-borne 
infection, and by the cooperation of the 
members of Epidemiology Unit No. 13 at 
the Great Lakes Naval Training Station 
who provided the subjects. 

These experiments seemed particularly 
desirable because there are no recorded 
data upon the expulsion of any respiratory 
pathogen in the form of tiny droplet nuclei 
which may remain suspended in the air. 
Because of the ease with which it can be 


* From the Commission on Air-Borne Infections, Army Epidemiology Board, Office of the Surgeon General, United 


States Army, and the Department of Medicine, University of Chicago, Chicago, III. 
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identified in air cultures, beta hemolytic 
streptococcus is a particularly satisfactory 
micro-organism with which to initiate 
investigations of this important problem. 
Bloomfield and Felty® in 1923, and later 
Paine,® Hare,* Duguid’ and ourselves! in- 
vestigated the number of beta hemolytic 
streptococci expelled by coughing, talking 
or sneezing upon blood agar plates, but 
since a blood agar plate collects a dispropor- 
tionately large sample of rapidly falling 
particles as opposed to “droplet nuclei,’’® 
it yields little or no information about the 
latter. Hare* hoped he had overcome this 
objection by placing plates in front of the 
subject at different angles from the vertical, 
but even this technic does not dispose of the 
possibility that very tiny particles may not 
stick to the plate. 

During the winter of 1945 to 1946 we 
Carried out a series of experiments with two 
objects in view: (1) to determine the num- 
bers of group A hemolytic streptococci 


expelled directly into the air by sneezing, 


coughing and talking, and (2) to differ- 
entiate between streptococci contained in 
rapidly falling droplets, and tiny droplet 
nuclei which remain in the air for longer 
periods of time. It is the purpose of this com- 
munication to describe these investigations. 


MATERIAL AND METHODS 


Subjects. The carriers were young men 
between seventeen and twenty years of age 
undergoing primary (boot) training at the Great 
Lakes Naval Training Station, Illinois. They 


were detected by nose and throat culture sur- | 


veys made by the personnel of Epidemiology 
Unit No. 13. Carriers exhibiting nose and 
throat cultures strongly positive for hemolytic 
streptococci or else strongly positive throat but 
negative nose cultures were selected for study. 
A few cultures were only moderately or weakly 
positive. Some of the carriers had been recently 
hospitalized for tonsillitis or pharyngitis, others 
had reported to sick call but had not been 
hospitalized and still others denied symptoms 
of recent respiratory infection. 

Plan of Experiments. The subject, who wore 
a clean surgical gown, was seated in a chair in 
the corner of a 640 cubic foot glass-walled room, 
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the dimensions of which were 8 by 10 feet by 
8 feet high. He faced the opposite corner. The — 
door of the room was closed and the fan cus- 
tomarily employed to mix the air was not run. 
Six air cultures (Fig. 1) were taken, as follows: 
(1) Three large blood agar plates (154 sq. cm. 
area) containing 1:1,000,000 gentian violet 
were placed on the floor directly in front of the 
subject, one 1.5, one 5.5 and one 9.5 feet from 
the vertical plane of his face. Large rapidly 
falling droplets would be expected to fall on 
these “settling plates,” particularly the one 
nearest the subject. (2) In order to capture tiny 
‘droplet nuclei” which might remain in the air 
longer and not settle on the plates during the 
course of the experiment, three broth bubbler 
samplers of the type described by Lemon® were 
set up 1.5, 5.5. and 9.5 feet from the subject’s 
face, mounted on ring stands with the air inlets 
3 feet from the floor. These samplers draw air 
through 20 cc. of broth at the rate of 1 cubic 
foot a minute; at the end of the experiment 5 cc. 
aliquots of the broth were used for making 
blood agar pour plates containing 1:1,000,000 
gential violet, a concentration which permits 
alpha and beta hemolytic streptococci to grow 
while suppressing most staphylococci and other 
gram-positive saprophytes. 

Immediately before the experiment, nose 
and throat swab cultures were made on each 
subject as well as quantitative cultures of the 
saliva, the hands and of sterile handkerchiefs 
into which they blew their noses. At the begin- 
ning of the experiment the investigator opened 
the plates, left the room, closed the door and 
gave the subject a signal from outside to sneeze, 
cough or talk. As soon as the respiratory activity 
being tested began the pumps used to draw air 
through the bubbler samplers were turned on 
from outside the room. The samplers were run 
for five minutes. The subject then left the 
room and in some of the sneezing and coughing 
tests fresh samplers were substituted for the 
first six. The second set of samples was started 
eight to eleven minutes after the first sneeze or 
cough. In a few tests the air was also sampled at 
twenty minutes, thirty minutes or three hours 
after the beginning of the experiment. 

Sneezing. Sneezing was induced by the 
powdered seedpods of the prickly nightshade 
(Solanum eleanifolium).! The powder was 
placed on a small piece of gauze and sniffed 
into the nostrils by the subject. One to twenty- 
four sneezes were induced in five minutes in 
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susceptible subjects but many failed to sneeze 
at all.* The carriers were instructed to try to 
sneeze in a horizontal direction and if possible 
not to lower the head. This instruction was 
practically always adhered to. They were also 
cautioned not to cover the sneeze with the hand 
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and size of beta streptococcus-containing 
droplets they produce is shown by the data 
of Table 1 and illustrated diagrammatically 
in Figure 2. Four more or less distinct 
bacteriologic patterns were found among 
the twenty subjects investigated, although 


It 5a 
FEET FEET FEET 


Fic. 1. Arrangement of subject and samplers during tests of sneezing, coughing and talking in experi- 
mental room. The blood agar plates on the floor captured large, rapidly falling droplets during the 
five-minute test. The “bubbler samplers,” whose inlets were on a level with the carrier’s face, cap- 


tured tiny “droplet nuclei.” 


or handkerchief although a well developed re- 
flex required voluntary control in every instance. 

Coughing. Subjects were instructed to cough 
violently twelve times in a horizontal direction. 
It was observed that most of the men coughed 
from the back of the mouth and did not tend to 
approximate the teeth or lips. 

Talking. Subjects counted out loud for five 
minutes, reaching 200 to 400 in this time. Since 
the numbers from one to one hundred include 
many beginning with F, S and T, three of the 
four syllables known to produce the largest 
number of droplets,’® the test was weighted to 
some extent in favor of the greatest expulsion of 
bacteria. 

Typing of Streptococa. ‘The serologic type of 
beta hemolytic streptococci in the nose or throat 
of the carriers was determined by the staff of 
Epidemiology Unit No. 13 by the method of 
Swift, Wilson, and Lancefield." 


EXPERIMENTAL RESULTS 


Cultures of the Air during Sneezing. ‘That 
sneezes vary considerably in the number 

* M. J. Green had previously observed that sneezing 
was more easily induced in carriers whose nose cultures 
were positive than in those exhibiting negative nose 
cultures. This suggests that the irritating effect of the 
powder is greater on an inflamed than on an uninflamed 
mucous membrane. 


‘the sneezes all looked very much alike 
to the observer stationed outside the room. 
In the most common pattern (65 per cent of 
the subjects) few or no beta streptococci 
were discharged as droplet nuclei, but 
many were expelled in large droplets 
captured by the settling plate on the floor 
1144 feet from the subject. Fewer than 
10 per cent of these large droplets travelled 
as far as 51% feet. In a less common pattern, 
(A in Table 1), 10 per cent of the subjects, 
small numbers of droplet nuclei contained 
beta streptococci but none were collected 
in large droplets falling on the settling 
plates. In 20 per cent of the subjects, (B in 
Table 1), few or no beta streptococci were 
recovered atall. 

Only one carrier, No. 20, sneezed large 
numbers of beta streptococci (and also 
alpha streptococci), both as droplet nuclei 
and in large droplets falling on all three 
settling plates. That this subject was really 
an unusually good atomizer was shown by 
a second test performed six days after the 
first. In these two tests he expelled an aver- 
age of nine beta streptococci per cubic foot 
per sneeze as droplet nuclei fairly evenly 
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TABLE 1 


_ BETA HEMOLYTIC STREPTOCOCCI EXPELLED INTO AIR DURING INDUCED SNEEZING 
The Most Common Pattern—Most Beta Streptococci Fell to the Floor 1}4 Feet from Sneezer; Very Few Were 


Discharged in the Form of Droplet Nuclei 
Droplet Nuclei Large Droplets 
BHS per cu. ft. of air BHS per Settling Plate 
Saliva No. of per sneeze.* per sneeze. 
— TC RN LN | BHS per ws Distance from Carrier, | Distance from Carrier, 
cc. Feet Feet 
1% 916 1% 516 
1 ++ 0 te A OTe 2 2.2 0 0.4 1.0 0 0 
2 | 470,000 6 0.3 0 0.6 1.5 0 0 
3 +++ | +++ | +++ | 1,340,000 1 0.8 1.6; 0 15.0 3.0 1.0 
4 +++) ++ +++ | 2,880,000 2 0.4 eee 0.8 14.5 — 0.5 
5 +++ | +++) + 1,720,000 5 0.5 0 0 11.2 0 0 
6 ++ + +++ 70,000 1 0 0 0.8 11.0 1.0 0 
7 +++ | 0 0 86,000 2 0 0 0 5.0 0 0 
8 + 0 ++ 440,000 2 0 0 0.4 29.0 2.5 0.5 
9 tet | +++ | +++ 31,000 3 0.5 0 0 2.7 0 0.3 
10 +++ | +++ | +++ | 2,070,000 7 0.1 0.1; 0 6.0 0 0 
11 + 0 +++ 420,000 24 0.5 0.1} 0 22.0 1.4 0 
12 ++ | ++ + 80,000 3 0.3 0.3; 0 6.3 0.7 0 
13 tet) | 290,000 6 0.2 0.3 66.6 0.8 0 


14 ++ 4 1.5 0.9; 0.7 0 0 0 
15 +++ i + 0 : 290,000 1 1.2 27°34 0 0 0 
B. Very Few Streptococci Expelled in Any Form 
16 + + +++ prob. 0 3 0 0 0 0.3 0.3 0 
17 ++ + +++ 800,000 1 1.0 0 0 0 0 0 
18 ?0 ++ ++ 22,000,000 7 0 0 0 0.5 0 0 
19 + 0 +++ 500,000 1 0.8 0 0 0 0 0 
Rare Pattern—Very Large Numbers of Streptococci Discharged in Both Large Droplets and Droplet Nuclei 
20t ++ 0 0 7,560,000 7 10.3 7.8| 3.1 86.8 | 65.7 | 23.2 
20 +++ | 0 + 3,230,000 9 10.4; 14.5| 6.4 | 508.3 | 64.4; 12.9 
20 +++} + ++ 1,200,000 4 0 0 0 32.5 1.3 0.3 
TC = Throat culture | Streptococcus Types: 
RN = Culture of right nostril Type 19; cases 1, 3, 5, 8, 9, 11, 14, 15, 16, 18 
LN = Culture of left nostril Type 17; cases 6, 7, 19 
BHS = Beta hemolytic streptococcus Type 3; cases 10, 12, 13, 20 
* Air cultured by bubbler samplers (9). Not 3, 17 or 19; cases 4, 17 
t Three separate tests were performed on Carrier No. Nose and throat cultures were graded as follows: 
20 on different days +-+-+—strongly positive 
+. -+—moderately positive 
+—weakly positive 


0—negative for beta hemolytic streptococci 
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distributed among the three bubblers. In a 
third experiment the following week his 
output diminished. He apparently com- 
bined the quality of efficient atomization 
with an inordinately high beta streptococcal 
contamination of the saliva, exhibiting the 


i 
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Table nu. The most important difference 
between the sneeze patterns of alpha and 
beta streptococci was that although the 
discharge of great numbers of beta strepto- 
cocci as droplet nuclei was rare, the expul- 
sion of large numbers of alphas in this form 


54° 94° 
OMMON PATTERN 


PATTERN 


RARE 


NO HEMOLYTIC STREPTOCOCCI 
RECOVERED 


. A 


14° 9%’ 


5+’ 94" 


LESS COMMON PATTERNS 
Fic. 2. Patterns of expulsion of beta hemolytic streptococci by carriers during sneezing. The exaggerated heavy dots 
represent large droplets which fell rapidly to the ground and were collected by settling plates. The small dots 
represent “droplet nuclei” which remained suspended in the air for longer periods of time. The “less common 
pattern” on the left is referred to in the text as ‘‘A’’; that on the right as ““B.”’ 


second highest contamination of any sample 
measured during three years’ observations. 

Alpha Streptococci and ‘‘ Total Bacteria.” In 
addition to the beta streptococci, green- 
forming colonies (salivary streptococci) were 
usually counted in the pour plates made 
from bubbler air samples as were the total 
number of colonies (exclusive of beta 
streptococci) on the gentian violet blood 
agar plates exposed on the floor. Although 
usually more than 80 per cent of the 
colonies on these settling plates were small 
green pigment producers, there were also 
some staphylococci and other micro-organ- 
isms which were not identified. For the 
purposes of this discussion it will be assumed 
that green-forming colonies in bubbler 
samples and most of the “‘total bacteria” on 
the settling plates were alpha ‘streptococci. 
Only a negligible error is introduced by this 
assumption. 

The numbers of these non-pathogens 
recovered from the air are presented in 


was common, occurring in 35 per cent of 
the subjects. Most of the remaining 65 per 
cent expelled few or no alphas as droplet 
nuclei but significant numbers in large 
droplets. Thus the common and rare 
patterns but not the less common patterns 
of beta streptococcus expulsion were repro- 
duced by alpha streptococci. The relations 
of these observations to the concentration 
of alpha and beta streptococci in the saliva 
will be discussed later in the paper. 
Uniformity of Distribution of Droplet Nuclei 
Sneezed into the Experimental Room. Nearly 
as many droplet nuclei were recovered 
514 and 914 feet from the sneezer as 114 feet 
away. This distribution was in striking con- 
trast with that of the larger droplets, 90 per 
cent of which travelled only 1}4 feet. Figure 
3 compares the number of alpha strepto- 
cocci captured by bubblers and settling 
plates, using the counts at 1!4 feet as one 
hundred. The figure includes all carriers 
who expelled as many as ten alpha strepto- 
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cocci per cubic foot of air per volley of 
sneezes. * 
Persistence of Alpha and Beta Streptococci in 
Air after Sneezing. The persistence of alpha 
and beta streptococci as droplet nuclei after 
large droplets have left the air is illustrated 


Droplet Nuclei 
Alpha Strepto- 
cocci per cu. ft. per Set- 
of Air per ting Plate per 
Car- No. Sneeze. * Di Sneeze. 
No. | Sneezes in Feet 
1% 94 | 1% | 5% 9% 
19 1 438.0] 91.0] 98.0 
7 2 | 53.5] 
13 6 23.5) 39.5) 21.8) 629.3)127.3) 63.5 
12 3 66.0) 37.3) 15.3} 401.3} 58.3) 17.6 
20 7 28.1) 13.0) 5.2) TMC |128.1/121.7 
9 10.7} 21.6) 4.2) TMC! 77.3) 32.2 
163.5; 16.2) 8.5 
5 5 10.6; 9.0) 6.0} 248.8) 36.8) 8.4 
16 3 28.3; 5.6) 2.6) 18.6) 12.0) 1.3 
8 2 7.5; 3.0) 7.0) 76. 5.2); 3.0 
9 3 2.0)..... 532.0} 31.3) 23.0 
18 7 1.4, 2.5) 0.7) 11. 1.4, 0.5 
4 2 3.5) 190.0)..... 1.5 
1 2 1.4) 1.4) 3.4 6. 0 4.0 
6 1 O 0.8) 45. 6.0) 1.0 
17 1 0 0 3.0} 59. 7.0} 2.0 
3 58.0} 15.0) 13.0 
11 24 0 0 0 1. 0.2; O 
10 7 0 0 0 42. 0.4) 0.7 
2 6 0.2; O 0.6; 1. 0 0 
14 6. 0 0 
15 9. 4.0; 5.0 


‘TMC = Too many to count 

* Air cultured by bubbler samplers® 

The carriers in this table are the same as those in 
Table 1 


by the data of Table m. This table presents 
cultures made during sneezing and eleven 
to sixteen minutes after the first sneeze, 
i.e., after the subject had left the room. Five 
experiments from two carriers are included. 
Two points seem worthy of comment. 
First, approximately 50 per cent of the 

* The same distribution maintained for beta strepto- 


cocci although only one carrier expelled significant 
numbers of these organisms in the form of droplet nuclei. 
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number of streptococci collected during 
sneezing still remained suspended in the 
air ten to sixteen minutes. Air cultures 
made in one experiment thirty minutes 
after the first sneeze, not included in 
the table, revealed only 5 per cent left. 
The pooled data of several other experi- 
ments in which only small numbers of 
streptococci were expelled substantiate the 
findings in the two carriers discussed pre- 
viously. Our findings are in general agree- 
ment with those of Bourdillon, Lidwell and 
Lovelock,’ who noted that of the total 
number of air-borne bacteria recovered 
during the first minute after sneezing, 32 
per cent were present fifteen minutes later. 

The second point of interest in Table m 
is the sharp change in the distribution of the 
streptococci on the three settling plates ten 
to sixteen minutes after sneezing as com- 
pared ‘with the sneezing period. During 
sneezing, about ten times as many strepto- 
cocci were collected in the nearest settling 
plate as in either of the other two whereas 
the three plates exposed ten to sixteen 
minutes after sneezing recovered approxi- 
mately equal numbers. This means that the 
plates in the postsneezing period probably 
collected particles of the same order of size 
as did the bubblers during sneezing. Once 
the rapidly falling droplets had left the air, 
settling plates collected small droplets or 
droplet nuclei which had become evenly 
dispersed throughout the room and settled 
slowly to the floor. 

Effect of Baffing a Sneeze with the Hand. 
The effect of baffling a sneeze with the hand 
tested by carrier No. 20, the only subject 
who dispersed large numbers of beta 
hemolytic streptococci. In a volley of nine 
sneezes he expelled eleven per cubic. foot 
per sneeze (as droplet nuclei). In this volley 
the settling plates at 1.5, 5.5 and 9.5 feet 
collected 508, 64 and 13 beta streptococci, 
respectively, per sneeze. The alpha strepto- 
cocci and total bacteria followed the same 
pattern although they were more numerous 
than the beta streptococci. 

About fifteen minutes later in a different 
room he sneezed three times, covering his 


TABLE 
ALPHA STREPTOCOCCI AND TOTAL BACTERIA EXPELLED 
DURING INDUCED SNEEZING . 
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mouth and nose with his hand. In contrast 
with the unbaffled sneezes two of the bub- 
blers recovered no bacteria and the third 
only 0.8 beta and 1.6 alpha streptococci per 
cubic foot for the volley of three sneezes. 
Except for three colonies of beta strepto- 


BUBBLERS 


PERCENT 
he 


| V2 FEET 5 V2 FEET 


9 /2 FEET 
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from the posterior pharynx. It is possible 
that this represented secretion which de- 
scended from the nose for a sterile handker- 
chief into which he blew his nose (not in the 
experimental room) shortly before the test 
yielded 24,000,000 beta streptococci. On 


SETTLING PLATES 


PERCENT 


1 V2 FEET 5 v2 FEET 9 v2 FEET 


Fic. 3. Recovery of alpha streptococci expelled during sneezing at various distances from the sneezer. The number 
of alpha streptococci recovered 1'4% feet from each subject is represented as 100 per cent. Each experiment is 
represented by one curve on each graph. The heavy line on the bubbler graph represents the average of the 
nine experiments. On the settling plate graph there are eight instead of nine individual curves because two are 


superimposed. 


cocci in the nearest settling plate no bacteria 
of any kind were recovered by plates. 

Coughing. Practically no beta strepto- 
cocci were coughed out by nineteen of the 
twenty carriers presented in Table iv. 
Sixty per cent expelled none at all in either 
droplets or droplet nuclei in volleys of ten 
to seventeen vigorous unbaffled coughs. 
Thirty-five per cent dispersed fewer than 
one per cubic foot in any of the three 
bubbler samples, and only one or fewer 
in the nearest settling plate. 

One carrier, No. 21, expelled very large 
numbers, averaging 4 per cubic foot per 
cough, or 45 per cubic foot during the 
volley of twelve coughs. Quite large num- 
bers were recovered by both bubblers and 
plates 514 and 91% feet from the cougher. 
Interestingly enough the air contained no 
alpha streptococci, indicating that the fluid 
coughed was not saliva but rather material 


the other hand, his saliva contained only 
38,000 per cc. Further evidence that the 
saliva is not ordinarily the fluid which 
comprises cough droplets was the absence 
of alpha streptococci in the air in nearly 
all the other cough tests. — 

Talking. Almost no beta (or alpha) 
streptococci were expelled during talking. 
(Table v.) No bubbler sample collected as 
many as one streptococcus per cubic foot, 
and twenty-nine of the thirty samplers in 
tests of ten carriers captured none at all. 
The settling plates likewise were prac- 
tically free of streptococci, only three of 
thirty plates exhibiting one colony each. 


COMMENTS 
Dispersion of a particular pathogen by 
any respiratory activity, such as sneezing, 
coughing or blowing the nose, will depend 
upon the nature of the secretion discharged 
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TABLE 
PERSISTENCE IN AIR OF DROPLET NUCLEI SNEEZED INTO THE EXPERIMENTAL ROOM 
Streptococci in Droplet Nuclei i Collected on Blood 
per cu. ft. Air per Volley Agar Plates on the Fioor 
Carrier! No. of | Kind of Time of Cultures of Sneezes* Distance from Carrier, Feet 
No. Pn Strepto- in Relation Distance from Carrier, Feet 
coccus to Sneezing 
114 514 914 11g 534 94 
7 2 Alpha : 107 83 317 5,000 336 280 
10-15 min. after 146 140 160 58 60 50 
20 7 Beta During sneezing; 72 55 22 608 460 163 
11-16 min. after 38 34 24 42 27 29 
20 7 Alpha During sneezing; 197 91 37 6,000 879 852 
11-16 min. after 45 35 15 196 168 132 
20 9 Beta During sneezing; 94 131 58 4,575 580 116 
11-16 min. after 18 50 22 44 41 38 
20 9 Alpha During sneezing; 97 195 38 6,000 696 _ 
11-16 min. after 19 36 10 122 89 95 
* Air cultured by bubbler samplers (9). 
TABLE IV 
BETA HEMOLYTIC STREPTOCOCCI] EXPELLED BY CARRIERS DURING COUGHING 
Nuclei Large Droplets 
BHS per cu. ft. of Air BHS per Settling Plate 
Car- Sali per Cough per Cough 
rier TC LN Distance from Carrier, Feet | Distance from Carrier, Feet 
No. BHS /cc. Coughs 
144 51g 14 534 914 
21 | +++) + +++ 38,000 12 3.3 2.9 5.5 10.9 6.5 6.0 
22 | ++ ++ ++ 70,000 17 0 0.1 0 1.0 0.1 0 
23 | ++ +++ |} + 1,080,000 12 0.1 0 0 0.2. 0 0 
24 | ++ +++ | ...... 210,000 12. 0 0 0.1 0 0 0 
25 | +++ / ++ +++ | 710,000 12 0.1 0 0 0.2 0 0 
26 | ++ ++ +++ | 780,000 12 0 0 0 0.2 0 0 
27 | +++ / 0 0 880,000 12 0 0 0.1 0 0 0 
28 | +++ / 0 0 780,000 12 0 0 0.1 0 0 0 
29 | +++) +++ /0 53,000 15 0 0 0 0 0 0 
30 | ++ ++ +++ 2,000 10 0 0 0 0 0 0 
31 | ++ 0 ++ 8,000 13 0 0 0 0 0 0. 
32 | ++ + + 40,000 12 0 0 0 0 0 0 
33 | +++] +++) ++ 400,000 12 0 0 0 0 0 0 
34 | +++ /0 0 160,000 15 ‘0 0 0 0 0 0 
35 | +++ | 0 0 6,000 12 0 0 0 0 0 0 
36 | +++ / 0 0 10,000 13 0 0 0 0 0 0 
37 | ++ 0 0 360,000 12 © 0 0 0 0 yin 0 
38 | +++ / 0 0 160,000 12 0 0 0 0 0 0 
39 | ++ 0 0 760,000 16 0 0 0 0 0 0 
40, +++ / + ++ 200,000 14 0 0 0 0 0 0 
TC = Throat culture 
RN = Culture of right nostril 
.LN = Culture of left nostril 
BHS = Beta hemolytic streptococci 
* Air cultured by bubbler samplers (9) 
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by the activity, upon the concentration of 
the pathogen in the secretion and upon the 
mechanics and frequency of the activity. 
Proper understanding of the transmission 
of the different infections contracted via the 
respiratory tract must ultimately be based 


TABLE V 
HEMOLYTIC STREPTOCOCCI EXPELLED BY CARRIERS WHILE 
COUNTING FROM 1 TO 200-400 IN FIVE MINUTES 
IN A LOUD VOICE 


Droplet Large 
Nuclei Droplets 
BHS per | BHS per 
cu. ft. of | Settling 
Air* 
Carrier Saliva | Distance cance 
wo. | | RN | EN | | from from 
Feet Feet 
41 
42 +++/0 0 |0 | 1/0/90 
43 +++i+ 
44 +++i+ |0;0/0 
46 +++it++ 
48 +++/0 010 


TC = Throat culture 

RN = Culture of right nostril 

LN = Culture of left nostril 

BHS = Beta hemolytic streptococci 

* Air cultured by bubbler samplers (9) 
upon a knowledge of these factors as they 
bear upon each disease. 

Let us consider sneezing and hemolytic 
streptococcal infection. Two separate secre- 
tions are associated with a sneeze: the fluid 
nasal secretion which is not propelled 
violently into the air and the oral secretion 
which is expelled at high velocity. Although 
most of the nasal component is discharged 
either in heavy masses or as fluid which 
must be removed with a handkerchief, a 
little may occasionally be atomized as 
droplets.'* The oral secretion, however, is 
saliva as attested by three kinds of evidence: 
(1) large numbers of salivary streptococci 
can be recovered from the air into which 
people have sneezed,'* (2) stroboscopic 
photographs indicate that the oral sneeze 
discharge originates in the front of the 
mouth”® and (3) sneeze discharges collected 
in empty dishes have the physical appear- 
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ance of saliva.* The number of group A 
streptococci in the saliva of carriers varies 
from fewer than 100 per cc. to, in excep- 
tional instances, more than 1,000,000. 

Contrary to popular belief, sneezing 
usually produces very little direct pollution 
of the air by beta hemolytic streptococci. 
In the present study of twenty carriers, only 
one discharged large numbers of these 
bacteria as tiny droplet nuclei during violent 
unbaffled sneezing although of course a 
carrier such as this one represents a real 
hazard. He possessed the two important 
requisites for the expulsion of large numbers 
of hemolytic streptococcus-containing drop- 
let nuclei during sneezing: an unusually 
high contamination of the saliva (7,000,000 
per cc.) and a mechanically efficient 
atomizing capacity. 

In the case of most carriers the greatest 
proportion of the streptococci expelled in 
saliva during sneezing fall rapidly to the 
ground and hence do not contaminate the 
air until they are resuspended as dust. 
Sneezing, moreover, contributes relatively 
little to the bacterial reservoirs in dust, 
bedclothing and elsewhere in the environ- 
ment because it is not a common symptom 
in carriers. f 

Variability in the mechanical efficiency 
of sneezing among different subjects, brought 
out clearly by stroboscopic photographs, '® 
is confirmed by the patterns of expulsion of 
alpha (salivary) streptococci. Since the con- 
centration of these saprophytes in the saliva 
is remarkably constant from person to 
person, { the number recovered from the air 
into which someone has sneezed is a good 
index of the quality of his sneezes. 

Of even greater importance is the relative 
number of bacteria expelled in tiny droplet 

* Several carriers sneezed into empty petri dishes 
following which the amount of saliva discharged was 
less than 0.01 to as much as 0.6 cc. 

ft The major contribution to these environmental 
reservoirs comes from the gross contamination of the 
hands which occurs when a nasal carrier blows his nose. 

t The number of alpha streptococci per cc. of saliva 
varies between 7,000,000 and 40,000,000 with an aver- 
age of perhaps 20,000,000. This is many times greater 
than the concentration of beta streptococci in saliva. 
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nuclei as compared with rapidly falling 
droplets. The fact that 35 per cent of the 
carriers in this series sneezed large numbers 
of alpha (salivary) streptococci as droplet 
nuclei indicates that expulsion of these tiny 
nuclei by sneezing is a frequent occurrence. 
However, it seems probable that commensal 
bacteria are present in only a small propor- 
tion of droplet nuclei expelled by any 
respiratory activity’*'’ and that group A 
hemolytic streptococci are contained in a 
still smaller proportion. This situation may 
prove to be different with virus particles 
which because of their small size may oc- 
cupy a larger proportion of droplet nuclei 
than do bacteria. The recent experiments of 
Duguid" are interesting in this connection. 
He painted the inside of the mouth and 
fauces with congo red, then collected droplet 
nuclei on an oiled slide, placed in a slit 


sampler,’® as the nuclei were expelled 


during various expiratory activities. This 
technic enabled him to estimate the total 
number of nuclei expelled regardless of 
whether or not they contained bacteria. Ina 
series of tests (apparently conducted with 
one subject) he counted from a few hundred. 
thousand to a few million droplet nuclei 
after a single natural sneeze. Such studies 
emphasize the need for data upon the con- 
centration of viruses in the saliva, and upon 
the frequency of sneezing among carriers of 
the virus under consideration. 

Coughing does not ordinarily discharge 
saliva. A cough, because it originates in the 
back of the throat, disperses the secretions 
of the pharynx, the secretions of the nose if 
they have dripped back into the throat or 
material from below the larynx. This is 
confirmed bacteriologically by the absence 
of salivary streptococci from the air into 
which carriers coughed. The explanation 
of the failure of 95 per cent of carriers to 
expel beta streptococci by coughing, even 
though they were present in large num- 
bers in the throat, is probably that the act 
of coughing, even volleys of twelve violent 
coughs, does not ordinarily shear off enough 
fluid from the mucous membranes of the 


posterior pharynx to carry significant num- 
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bers of these organisms. This explanation is 
in keeping with an observation reported by 
Bloomfield and Felty’ in 1923, that although 
they could collect few or no beta strepto- 
cocci on blood agar plates held close to 
carriers’ faces during coughing, they could 
obtain fairly large numbers from “‘hawk- 
ing,” an activity which presumably exerts a 
more efficient shearing action. 

Previous studies have shown that carriers 
exhibiting positive nose cultures for hemo- 
lytic streptococci were more likely to trans- 
mit infection than those with positive throat 
but negative nose cultures.'® Further in-. 
vestigation indicated that such carriers 
disseminate the streptococci in highly con- 
taminated nasal secretion which reaches the 
environment chiefly via the hands when 
the carrier blows his nose.'! Streptococci 
discharged in this manner contaminate 
handkerchiefs, clothing, bedclothing and 
dust and are thrown into the air when these 
reservoirs are agitated. Streptococci may 
also be transferred by direct contact with 
contaminated objects in the environment 
or, occasionally, discharged directly into 
the air in droplet nuclei from the respiratory 
tract. 

Throat carriers whose nose cultures were 
negative were also occasionally found to be 
responsible for secondary cases of strepto- 
coccal infection.'* Carrier No. 20 of this 
present series, who sneezed very large num- 
bers of hemolytic streptococci, exhibited 
negative nose cultures at the time of the test 
although the nose cultures had been positive 
a few days before. As mentioned in the text 
his saliva contained an unusually high 
concentration of hemolytic streptococci. 
Such individuals, as well as some of those 
described in the earlier investigation of 
coughing and sneezing,’ represent throat 
carriers who are not innoccuous. 


SUMMARY 


1. The numbers of beta and alpha 
streptococci discharged into the air of an 
experimental room during sneezing, cough- 
ing and talking were determined in a series 
of forty-eight carriers of group A strepto- 
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cocci. By simultaneous employment of 
exposed blood agar plates placed upon the 
floor, and “broth bubbler’? samplers whose 
intake was 3 feet from the floor, streptococci 
expelled in large, rapidly falling droplets 
could be differentiated from those dis- 
charged as droplet nuclei which remained 
in the air for at least several minutes. 

2. The material dispersed into the air 
during a sneeze is chiefly saliva. 

3. Four dispersion patterns of beta hemo- 
lytic streptococci by sneezing were evident. 
In the most common, moderate numbers 
‘were expelled in large droplets which fell 
rapidly to the floor 1.5 feet from the sneezer, 
but very few or none in droplet nuclei. In 
one of two less common patterns, small 
numbers of beta streptococci were sneezed 
as droplet nuclei but none in large droplets; 
in the other, no beta streptococci were 
recovered from the air. In the rarest, of 
which only one example was found, large 
numbers of beta (and alpha) streptococci 
were expelled both as droplet nuclei and in 
large droplets; many were collected as far 
as 9.5 feet from the sneezer. The saliva of 
this carrier contained huge numbers of beta 
streptococci. 

4. Thirty-five per cent of twenty carriers 
sneezed out large numbers of alpha (sali- 
vary) streptococci as droplet nuclei. Eighty 
per cent discharged moderate or large 
numbers in heavy droplets which fell 
rapidly to the floor. 

5. About one-half the streptococci ex- 
pelled into the air as droplet nuclei by 
sneezing were still present as long as twenty 
minutes after the first sneeze. 

6. The material expelled during cough- 
ing apparently originates in the back of the 
throat or below the epiglottis and contains 
little if any saliva. 

7. Only one of twenty carriers coughed 
large numbers of beta streptococci into the 
air as droplet nuclei or in large droplets; he 
expelled no alpha streptococci. Ninety-five 
per cent of the carriers coughed few or no 
streptococci collected by either type of air 
culture. 

8. Practically no streptococci were re- 
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covered from the air of rooms while carriers 
counted out loud for five minutes. 


CONCLUSIONS 


1. Although sneezing probably accounts 
for a certain number of sporadic cases of 
hemolytic streptococcal infection, it is not, 
in our opinion, important in epidemics 
because (1) it is not a common symptom 
and (2) very few sneezes discharge signifi- 
cant numbers of beta hemolytic streptococci 
into the air as droplet nuclei. The rare 
carriers whose sneezes heavily contaminate 
the air may be very dangerous if they do not 
baffle the sneezes efficiently. Since the 
material atomized in a sneeze is saliva, these 
individuals represent a type of dangerous 
carrier whose nose culture may be negative. 

2. Coughing, likewise, is important only 


_in sporadic infections for similar reasons. 


This symptom is more common than 
sneezing. 

3. Talking expels negligible numbers of 
hemolytic streptococci. 

4. Since the concentration of alpha 
(salivary) streptococci per cc. of saliva is 
remarkably constant from one individual to 
another, the number of these micro- 
organisms recovered from the air in large 
droplets or droplet nuclei during sneezing 
provides a good index of the quality of 
sneezes. 

5. A more precise understanding of the 
réle of sneezing in the transmission of 
different respiratory diseases may result 
from a study of the concentration of the 
infective agent in the saliva and of the 
frequency of sneezing among carriers of 
the agent. 
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Changes in the Bacterial Flora of the Throat 
and Intestinal Tract during Prolonged 
Oral Administration of Penicillin’ 


MiriaM OLMSTEAD LIPMAN, M.D., JAMES A. Coss, JR., M.D. and RALPH H. Boots, M.pD. 
New York, New York 


T is a well established fact that gram- 
positive micro-organisms, in general, 
are susceptible to the action of peni- 

cillin whereas most of the gram-negative 
organisms are relatively insensitive. The 
effect of penicillin administration on in- 
fectious agents within the body has been 
discussed in detail by a number of in- 
vestigators. Little attention has been di- 
rected, however, toward its effect on the 
normal flora of the body. Likewise, the 
effect of prolonged administration has been 
studied to a limited extent only and pre- 
dominantly in relation to Streptococcus 
viridans and those other organisms ob- 
served in patients with subacute bacterial 
endocarditis. 

A clinical trial of penicillin in the treat- 
ment of arthritis' offered the opportunity 
of observing the effect of orally administered 
penicillin on the throat and intestinal flora 
of a small group of individuals over a pro- 
longed period of time. 


MATERIALS AND METHODS 


Ten patients? with active manifestations 
of arthritis were selected for study. Nine of 
these were entirely free from respiratory 
tract infection at the time that the experi- 
ment was instituted. One patient (F. B.) had 
a nasal discharge possibly due to a chronic 

tf These patients are described in detail elsewhere.' 
Six had typical adult rheumatoid arthritis, two had 


rheumatoid arthritis of the spine (Marie-Striimpell 
spondylitis) and two had juvenile rheumatoid arthritis. 


sinus infection. Three of the seven tested 
within one month prior to the beginning 
of the experiment had shown anti-strepto- 
lysin-O titers of 250 to 333 units per ml. 

Amorphous penicillin (sodium salt) was 
used throughout the experiment. The peni- 
cillin was administered orally without 
buffer. Each adult received 1,000,000 units 
daily, in divided dosage; each child received 
500,000 units daily. { Duration of treatment 
varied from four weeks to six and one-half 
months. Determinations of penicillin con- 
centration in the blood were made at 
frequent intervals by a. serial - dilution 
method, using Streptococcus hemolyticus 
(strain C203MV) as the test organism. 

Throat and stool examinations were 
made, with few exceptions, prior to, at 
frequent intervals during and subsequent to 
treatment. In culturing the throats two 
swabs were used, both of which were first 
streaked on fresh, rabbit-blood agar plates; 
smears were prepared with one swab; the 
other swab was twirled in a tube of plain 
broth, a dilution of which was used for 
seeding a blood agar pour plate. A few nose 
and tooth cultures were made on one 
patient. 

Each stool specimen was examined micro- 
scopically for predominant forms and was 
cultured on “‘SS”’ agar for enteric organisms 
and on blood agar, after approximately one 
hour’s incubation in 1 per cent Na2CQs, for 

t The therapeutic regimen used is discussed in detail 
elsewhere. 


* From the Edward Daniels Faulkner Arthritis Clinic of the Presbyterian Hospital and the Department of Medi- 
cine, College of Physicians and Surgeons, Columbia University, New York, N. Y. A preliminary report of this work was 
presented before the Society of American Bacteriologists, Detroit. Michigan, May, 1946.? 
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streptococci. In many instances, specimens 
were cultured anaerobically as well as 
aerobically. 

Organisms isolated were identified 
roughly according to general groups. Spe- 
cial emphasis, however, was placed on the 
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growth in 6.5 per cent NaCl broth. For 
convenience all strains viable in blood 
broth after being heated at 60 to 62°c. for 
thirty minutes were classified as enterococci. 

Most of the streptococcus and pneumo- 
coccus strains isolated, as well as many 


TABLE | 
PREDOMINANT THROAT FLORA PRIOR TO, DURING AND SUBSEQUENT TO PENICILLIN THERAPY 
Prior to Therapy During Therapy Subsequent to Therapy 
Patient Smear Smear Smear 
(Gram Culture (Gram Culture (Gram Culture 
Stain) Stain) Stain) 
Jj. P. + Str. viridans - Neisseria + Non-hemolytic streptococci 
H. hemolyticus 
A. G. + Str. viridans - Coliforms * Str. viridans 
D. pneumoniae M. tetragenus D. pneumoniae 
F. A. + D. pneumoniae _ Coliforms + Str. viridans 
Str. viridans Hemophilus D. pneumoniae 
Neisseria 
K. P. Str. viridans - Neisseria - Neisseria 
Hemophilus + Str. viridans 
G. B. + Str. viridans = Coliforms + Str. viridans 
D. pneumoniae 
M. W. + Staph. aureus _ Coliforms + Streptococci 
Non-hemolytic strepto- Neisseria 
coccus 
G. M. + Str. viridans - Coliforms t + Str. viridans 
Enterococcus 
F. B. —  |D. pneumonia — | Coliforms + | Micrococcus 
Str. viridans K. pneumoniae Staph. aureus 
K. pneumoniac Neisseria 
W. O. Str. viridans - Neisseria - Str. viridans 
Coliforms + 
H. G. + Str. viridans - Str. viridans { 
D. pneumoniae 


* Coliforms were present in all cultures, predominant on three of five occasions. M. tetragenus was predominant 


t Coliforms were present in all cultures, predominant on five of six occasions. An enterococcus (hemolytic) 


inated once. 


t Only one examination was made after two weeks’ treatment. 


gram-positive cocci. All staphylococci were 
tested for mannitol fermentation and for 
coagulase uction, all pneumococci for 
bile solubility and some for type. Cultures 
from all sources were examined with special 
reference to Str. hemolyticus. Most of the 
hemolytic streptococci isolated were tested 
for serologic grouping.’ Group A strains 
were tested for type. Streptococci from stool 
cultures and any other strains morphologi- 
cally resembling enterococci were tested for 
heat tolerance, mannitol fermentation and 
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other strains, were tested by a serial dilution 
method‘ for penicillin sensitivity. The 
sensitivity was expressed in terms of minimal 
concentration of penicillin required to 
inhibit growth of a culture diluted so as to 
be approximately comparable in density 
with C203MV, the group a hemolytic 
streptococcus used as standard. 


RESULTS 
Throat Flora. Prior to administration of 


penicillin, the predominance of gram- 


= 
once, Str. viridans once. 
| 
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positive cocci in all throats except one was 
indicated by smear or culture (Table 1); in 
most instances results of the two examina- 
tions were consistent. Str. viridans pre- 
dominated in the majority of cultures but 
each individual presented a characteristic 


TABLE 1 
INCIDENCE OF THROAT CULTURES POSITIVE FOR HEMOLYTIC 
STREPTOCOCCI 
Subsequent to 
Patient| Prior to Therapy | During Therapy 1 
P 1 (2 strains, 1 group 0 1 (untested) 
J 2D and | 4 5 
fied *) 
1 (unclassified *) 0 1 (unclassified *) 
A. G. 3 5 1 
0 0 1 (unclassified *) 
1 (group a, type 2) | 1 (unclassified*)/ 
0 0 0 
3 1 
w, | A, type 38) 0 2 (group a, non- 
4 3° 
1 culture, unclassi- 
fied * strains from 2 
cultures) 
3 (group F from 1, | 1 (group p) 1 (group pb) 
G. M. 3 group G from 2) | ¢ 3 
0 0 0 
F. B. 8 
ie 1 (unclassified *) oO 1 (unclassified *) 
1 10 5 
0 
H.G 1 


Numerator = number of throat cultures positive for hemolytic 


stretopcoces. 
Denominator = number of throat cultures examined. 


signifies negative grouping with antisera A-I. 
throat picture, differing in the morphology 
of the predominant form or in the mixture 
of organisms present. Hemolytic strepto- 
cocci were recovered from seven patients, 
group A strains from only two. (Table 1). 
Diplococcus pneumoniae was _ recovered 
from five patients, type m1 from two, non- 
type-specific strains fpom these two and 
three others. 

During penicillin therapy a_ striking 
change in the throat flora occurred. (Tables 
1 and 11.) Smears from all ten patients and 
the majority of cultures from nine indi- 
cated the predominance of gram-negative 
forms: saprophytic Neisseria (usually chro- 
mogenic), hemophilic bacteria and coliform 
bacteria. A culture of H. G.’s throat two 
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weeks after the beginning of treatment (the 
only examination made during her four 
weeks’ course) presented an exception in 
the series, the predominance of gram- 
positive cocci (Str. viridans) and the absence 
of coliform bacteria. — , 

The organisms classified as _ coliforms 
were lactose-fermenting, gram-negative rods 
forming grey, non-mucoid colonies unlike 
the watery growth of Klebsiella pneumoniae. 
In no instance were coliform colonies ob- 
served prior to the administration of 
penicillin. They appeared soon after the 
beginning of treatment, sometimes appar- 
ently in pure culture, and were observed in 
the majority of cultures throughout the 
course of therapy. (Table tv.) The pneumo- 
cocci, hemolytic streptococci and hemolytic 
micrococci observed before treatment were 
absent during treatment. (Tables 1, m1 and 
v1.) Strains of hemolytic streptococci differ- 
ent from those in the prepenicillin cultures 
appeared on two occasions: an enterococcus, 
group D, in one patient and a micro- 
aerophilic strain, which failed to group, in a 
second patient. 

Subsequent to treatment the flora showed 
an increase in the variety of organisms 
present and became predominantly gram- 
positive again within a period of days or 
weeks. (Table 1.) The change was demon- 
strated by smears and cultures from five 
patients in one week or less. Three patients 
were not examined until three weeks, five - 
weeks and three months, respectively, at 
which times gram-positive organisms pre- 
dominated in smears and cultures. The first 
postpenicillin throat culture on_ patient 
K. P., made three weeks after her course, 
showed mostly gram-negative forms; at the 
next examination, in six weeks, gram- 
positive organisms predominated in the 
smear and colonies of Str. viridans were 
definitely predominant in cultures. Patient 
H. G. had no throat examination after 
penicillin was discontinued. 

Colonies of coliform bacteria at times 
appeared in postpenicillin throat cultures 
from seven of ten patients but were less 
numerous than during treatment. The time 
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of their disappearance varied from seven 
days to more than three months. (Table 
Iv.) In the short period of observation after 
treatment was discontinued the incidence 
of pneumococci and group A hemolytic 
streptococci was slightly lower than before 
treatment. (Tables 1 and 111.) 
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ment showed colonies of hemolytic Staphylo- 
coccus aureus only (coagulase and mannitol 
positive); similar staphylococci were re- 
covered six and seven weeks after treatment. 

Intestinal Flora. No definite change in the 
intestinal flora during the administration of 
penicillin was demonstrated by smears. 


TABLE Ill 
EFFECT OF PENICILLIN THERAPY ON THE PRESENCE OF VARIOUS ORGANISMS IN THE THROAT CULTURES 
OF TEN PATIENTS 


Gram-positive Organisms Gram-negative Organisms 
No. of Patients Positive No. of Patients Positive 
Prior to | During | Subsequent Prior to | During | Subsequent 
Therapy | Therapy | to Therapy * Therapy | Therapy | to Therapy * 
D. pneumoniae... .. . . 5 0 4 Neisseria........ 9 10 6 
2 0 0 
Non-type-specific. . . 5f 0 4f Hemophilus...... 4 8 5 
Hemolytic... . . . 2 5 5 
Str. hemolyticus. ..... 7 2 6 Non-hemolytic . 2 8 1 
Group aA.......... 2 0 1 
Group F........... 1 0 0 K. pneumoniae 2 2 1 
GroupG.......... 1 0 0 
Group D.......... 2 1 1 Coliform bacteria 0 9 7 
Group not A-L..... 3 1 4 
Group untested. .... 1 
Non-hemolytic strepto- 
Viridans........... 10 6 9 
Indifferent......... 7 3 3 ’ 
Staphylococcus....... 4} 2 3 
Micrococcus 
Colonies small, hemo- 
2 0 1 
Colonies ‘ 6 3 8 
Diphthcroid-like 
organisms......... 5 4 3 


* Only nine patients were examined subsequent to treatment. 
t Four prepenicillin and three postpenicillin strains included were not completely bile soluble. 
t Staph. aureus was recovered from a nose culture on a fifth patient. 


In one patient (K. P.) Str. viridans was 
recovered in pure culture from a tooth 
extracted prior to penicillin therapy. From 
a culture of a tooth extracted three weeks 
subsequent to treatment a small hemolytic 
micrococcus was isolated. This organism 
was similar morphologically, culturally and 
in penicillin sensitivity to strains isolated 
from this patient’s throat cultures before and 
after treatment. A nose culture before treat- 
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Cultures of stools, however, indicated that 
streptococci present before treatment were 
somewhat inhibited during penicillin ther- 
apy. (Table v.) In eight of nine patients 
examined prior to and during treatment the 
incidence of positive cultures was lower 
during the latter period. Streptococci were 
recovered from 75 per cent of the pre- 
penicillin cultures, from 23.2 per cent of 
those examined during therapy. Few speci- 
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mens were cultured subsequent to treatment 
(eight from seven patients); all, however, 
were positive for streptococci. Of the fifty 
streptococcus strains isolated from stool 
cultures, forty-six (92 per cent) were heat 
resistant. The remaining four were negative 


TABLE IV 
INCIDENCE OF NON-MUCOID COLIFORM BACTERIA 
IN THROAT CULTURES 


Positive Cultures First Positive | First Negative | 
Culture Culture 
Patient during Subsequent 
Prior to | During mong Therapy - 
Therapy | Therapy | 4 (Days) 
0 4 0 
J.P 4 ‘20 3 
0 5 1 
A. G. 3 5 9 
0 4 0 
F. A. 3 5 23 1 
0 4 2 
K. P 5 10 3 21 3 
0 3 1 
G. B 3 3 5 * 
0 4 ? 
M. W. 3 4 18 5 
0 6 1 
G. M. 3 5 
0 8 1 
F. B. 5 8 5 10 3 
0 8 4 
0 0 
H. G. 3 


Numerator = number of throat cultures positive for coliforms. 

Denominator = number of throat cultures examined. 

* Cultures were still positive for coliform bacteria at the time the 
experiment was discontinued, five weeks (A. G.) and three months 
(G. B.) after penicillin therapy. 


to all of the enterococcus tests employed, 
that is, they were not viable after being 
heated at 60 to 62°c., they did not ferment 
mannitol nor grow in 6.5 per cent NaCl 
broth. One of these four strains grouped 
serologically asan H. 

Penicillin therapy had no _ noticeable 
effect on the enteric bacilli or on the 
anaerobes of the intestinal tract. 

Penicillin Sensitivity of Organisms Isolated. 
Most of the gram-positive cocci isolated 
throughout the study were tested for 
sensitivity to penicillin. Strains recovered 
from throat cultures prior to treatment 
ranged in sensitivity from 0.025 unit to 
10 units. Approximately the same range, 
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0.05 unit to 10 units, was covered by stool 
strains. During treatment the organisms 
sensitive to less than 1 unit were recovered 
from only five throat cultures and from no 
stool cultures. Subsequent to treatment the 
range of sensitivity of gram-positive cocci 


TABLE V 
INCIDENCE OF STOOL CULTURES POSITIVE 
FOR STREPTOCOCCI 


Subse- 
, Prior to | During 
Patient quent to 
Thera Thera 
PY PY Therapy 
1 0 
J. P. 1 5 
0 1 
A. G. 4 i 
2 2 1 
2 2 1 
2 7 1 
1 1 
G. B 3 
0 1 1 
2 3 1 
— 2 4 1 
1 2 1 
F. B. 1 5 1 
1 2 2 
2 0 
H.G 5 i 
Total No. Patients 9 10 7 
Total No. Cultures 16 43 8 
Total No. Cultures 
Positive for 
Streptococcus 12 10 8 
Per cent Positive 
for Streptococcus 75 23.2 


Numerator = number of stool cultures positive for 
streptococci. 
Denominator = number of stool cultures examined. 


from throat cultures was the same as before 
treatment. Stool strains isolated required 
from 1 to more than 10 units. (Tables vi 
and vii.) 

Few of the gram-negative organisms 
isolated from either throat or stool cultures 
were tested for sensitivity. Of those tested, 
Hemophilus hemolyticus appeared to be 
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TABLE VI 
PENICILLIN SENSITIVITY OF GRAM-POSITIVE COCCI FROM THROAT CULTURES 
Organisms Tested 
D. Str 
Isolation Non-hem. Strep. Staphylococcus Micrococcus 
Patient |in Relation Pneumoniae Hemolyticus a 
to Therapy Sens. Sens. Sens. Man- | Sens. Sens. 
SOP u./ml.| | nitol | u./ml. u./ml. 
Jj. P. | Before Not A-L | 0.05 | Viridans 0.05 
1.0 
After Untested | 0.05 
A. G. | Before N.T. | 0.025} Not A-L | 1.0 | Viridans 0.05; — + 0.05 
| N.T. | 0.05 0.1 
After N.T. | 0.05 | Not A-L | 0.05 | Viridans 0.05 
Indiff 0.1 
F. A. | Before Viridans 0.05; — + 1.0 
After N.T. | 0.05 | Not A-L | 1.0 
K. P. | Before A, type 2 | 0.05 | Viridans 0.05 * | Hem. | 0.05 
Indiff. 1.0 
Indiff. 10.0 
During Not A-L | 0.025) Viridans 1.0 + + /| 10.0 
Indiff. 1.0 
i Viridans 0.0255 + + | 10.0 | Hem. | 0.1 
Viridans 1.0 
G. B. | Before 3 Viridans 1.0 
M. W. | Before A, type 38 | 0.025) Viridans 0.05 | + - 0.1 | Hem. | 0.025 
Indiff. 0.05; + _ 1.0 
After + + 0.1 
Not A-L | 0.05 
G. M. | Before F 0.05 | Viridans 0.05 
G 0.05 | Viridans 0.1 
Viridans 1.0 
During D + 0.1 
After D 10.0 | Viridans 0.025 
Viridans 0.05 
Viridans 0.1 
Viridans 10.0 
Viridans 1.0 + + 0.1 0.025 
W. O. | Before Not A-L | 0.05 | Indiff. 0.05 
Viridans 0.1 
After Not A-L | 0.025) Viridans 0.025 
Viridans 0.05 1 
H. G. | Before 3 0.1 | D 0.1 | Viridans 0.05 
N.T. | 0.05 Viridans 0.1 
Indiff. 1.0 
Viridans 1.0 
N.T. = 
* = Staph. aureus, C+, M-+, sensitive to 0.1 U penicillin, was recovered from a nose culture prior to therapy. 
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the least resistant, requiring from 1 to 
10 units. 

Concentration of penicillin obtained in 
the blood of these patients is discussed in 
detail elsewhere.’ Peak levels varied from 
0.1 unit (in J. P.) to 1.6 unit (in G. M.). 
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In the series of individuals described in 
the present report the bacterial flora of the 
throat prior to treatment was normal. 
Gram-positive organisms were predominant 
throughout (except in some cultures from a 
patient with chronic sinusitis), and those 


TABLE vi 
PENICILLIN SENSITIVITY OF STREPTOCOCCI FROM STOOL CULTURES 
| Prior to Therapy During Therapy Subsequent to Therapy 
| > 2 
+] D 1.0 | 
| +) +> +] D 10.0 
+/)/-|- 0.05 +) — + 10.0 +, 10.0 
+/+ +) +! D 10.0 
+{/-|- D | 10.0 | | 
K.P) + 0/100) +) - + | 0.0) +|<-| -| « 10.0 
+ D | 10.0 
G.B. | +/-|-| - 0.1 | 
G.M.| -—|+/- O | 0.055 —| D/10.0; D 10.0 
..| 0.05 +]! D | 10.0 
+/-/;-| O01; +] + “10.0 
0.05 
- 0.1 
+ - D 100.0) +) +)! +! -| +) D |>10.0 
H.G.| + 10.0 


0 = No reaction with antisera of groups A to L, inclusive. 


COMMENTS 


Elimination of gram-positive pathogens 
from the throat during oral administration 
of penicillin has been reported by Keith 
et al.,° by Levitt and Leathen® and by 
others. No reports on the effect of penicillin 
administered orally over prolonged periods 
of time have come to our attention. 


tested were, with one exception, sensitive 
to 1 unit or less of penicillin per ml. The 
shift from a predominantly gram-positive to 
gram-negative flora during penicillin ther- 
apy was striking. The significance of such a 
change and its possible effect upon the 
susceptibility of the individual to various 
infections remains to be determined. 
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Difference in the incidence of strepto- 
coccus-positive cultures prior to and during 
treatment seems significant although the 
inaccuracy of a comparative study of such 
material is recognized. Whereas 75 per cent 
of stool cultures prior to penicillin therapy 
were positive for streptococci, only 23 per 
cent were positive during therapy. The 
streptococcus strains isolated during treat- 
ment showed a relatively low sensitivity to 
penicillin. 

The possible development of bacterial 
resistance to penicillin on low dosage or on 
prolonged administration of penicillin has 
been discussed at length by many in- 
vestigators. The present study has offered 
opportunity to observe the effect of pro- 
longed administration of penicillin in this 
connection. Comparison of similar strains 
recovered from throat or stool cultures 
before and after penicillin therapy revealed 
no definite evidence of an increase in 
resistance to the drug. All strains of pneumo- 
cocci, hemolytic micrococci and hemolytic 
streptococci isolated from throat cultures 
subsequent to penicillin therapy were as 
sensitive as strains with similar character- 
istics isolated prior to treatment. Two 
patients showed slightly more resistant 
strains of Str. viridans and one patient a 
slightly more resistant strain of Staph. 
aureus after completion of the course of 
therapy than before treatment. However, no 
proof of the identity of these strains exists. 

Continuous absence of gram-positive or- 
ganisms, particularly streptococci, from the 
throat flora during prolonged penicillin 
administration and the apparent failure 
of the streptococci to acquire penicillin 
resistance, is of interest in connection with 
the problem of the prophylaxis of rheumatic 
fever by means of anti-streptococcal agents. 


SUMMARY 
A bacteriologic study of the throat and 
intestinal flora of ten patients with arthritis, 
treated orally with 500,000 to 1,000,000 
units of penicillin daily over a prolonged 
period of time, has been carried out. 
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Upon administration of penicillin there 
was a sudden change in the bacterial flora 
of the throat from gram-positive to gram- 
negative. Coliform bacteria appeared in the 
throat early in the course of treatment and 
were present, and often predominant, 
throughout the course. Subsequent to treat- 
ment there was a rapid reappearance of 
gram-positive cocci in the throat. The 
coliform organisms disappeared gradually. 

There was a lower incidence of strepto- 
coccus-positive stool cultures during, than 
prior to or subsequent to penicillin therapy. 

No difference in the range of penicillin 
sensitivity of the gram-positive cocci isolated 
from throat cultures prior to and subsequent 
to treatment was demonstrated. Penicillin- 
sensitive organisms were infrequent in the 
throat and stool cultures during treatment. 

There was no evidence that bacterial 
resistance to penicillin developed during the 
course of therapy. 
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cillinf in the rheumatic group of 

diseases have not been encouraging.'~* 
However, it has been reported that in other 
conditions due to known bacterial agents 
failures in treatment have often been linked 
with failure to use adequate dosage of 
penicillin or to continue treatment for a 
long enough time.**® The use of penicillin 
in rheumatoid arthritis is suggested by the 
hypothesis that this disease may be due to 
infection with a penicillin-sensitive organ- 
ism. The hemolytic streptococcus, Group 
A, has been implicated on immunologic 
grounds because a positive streptococcus 
agglutination reaction occurs in the majority 
of patients with rheumatoid arthritis.® 
However, the specificity of the reaction 
has not been established.’ This evidence 
has been supported to a slight extent by 
the demonstration, in agglutinating sera, 
of precipitins for fractions of Streptococcus 
hemolyticus® and by an elevation in the 
antistreptolysin-0 titer of sera from many 
early cases of rheumatoid arthritis.’ If any 
infectious agent is to receive consideration 
in etiology, most evidence points toward 
this organism.'*"! 

Some workers have suggested that rheu- 
matoid arthritis may be due not to just one 
invasion of a bacterial agent but to repeated 
infections. If this were true, prolonged 
administration of an antibacterial agent 
might be effective when treatment over a 


Pie studies of the effect of peni- 


+t We are indebted to Mr. John L. Smith of Charles 
Pfizer & Company of Brooklyn, for the supply of 


* From the Edward Daniels Faulkner Arthritis Clinic of the Presbyterian Hospi 


short period of time had previously failed. 
Because of the low incidence of upper 
respiratory infection and rheumatic diseases 
in tropical and subtropical regions,'* it was 
thought that eliminating or minimizing the 
respiratory infections these patients so 
commonly harbor might exert a favorable 
influence on the course of their illness. 

Our purpose has been primarily to 
determine whether prolonged oral adminis- 
tration of penicillin would alter the course 
of arthritis; second, to see if the incidence 
or severity of various upper respiratory 
infections usually associated with exacerba- 
tion of arthritis could be diminished; third, 
to determine the levels of penicillin obtain- 
able by the oral route and finally to observe 
what phenomena, if any, might result from 
large doses of penicillin given over a long 
period of time. 


MATERIALS AND METHODS 


Ten patients were selected for treatment. 
The study was limited to patients with 
active disease who were capable of following 
directions and keeping personal records, in 
whom the diagnosis was definite and who 
had received little or no other treatment. 
Six patients had adult rheumatoid arthritis, 
Two had rheumatoid spondylitis (Marie- 
Striimpell) and two patients had juvenile 
rheumatoid arthritis. Each patient was 
given a daily record sheet on which he 
recorded the time that penicillin was taken, 
the amount, any change in symptoms, the 
occurrence of any illness or infection and 
any reaction to penicillin. 
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Penicillin (sodium salt) was dispensed in 
plain, gelatin capsules without buffer, made 
up so that six capsules equalled 1,000,000 
units for the adults and six capsules equalled 
500,000 units for the two children. The 
patient was instructed to empty the con- 
tents of one capsule six times a day into 
4 to 6 ounces of tap water which was ingested 
immediately without buffer or antacid. 
Each of the adults received 1,000,000 units 
of penicillin daily. One child, K. P., was 
unable to tolerate the penicillin solution 
so she was given the unopened gelatin 
capsule with tap water. For the first two 
weeks she received 1,000,000 units daily, 
then this was reduced to 500,000 because 
the larger amount caused nausea. The 
other child, F. A., disliked the taste of the 
aqueous solution so the contents of each 
capsule were given in 4 ounces of milk, 
maintaining a daily dose of 500,000 units. 
No buffering agent, enteric coating or 
antacid was employed with the drug. It is 
necessary to give four or five times the intra- 
venous or intramuscular dose of penicillin 
orally to obtain comparable blood levels. '*~"* 
For this reason we gave the large amounts 
recorded. 

Many laboratory procedures were carried 
out including the agyutination test for 
hemolytic streptococcus,® antistreptolysin-0 
determinations,'® blood counts, urinalysis 
and repeated erythrocyte sedimentation 
rates.’ The concentration of penicillin in 
the blood and the penicillin-sensitivity of 
organisms isolated from stool and throat 
cultures were determined by the serial 
dilution method.'*'® Stool and_ throat 
cultures were taken before, during and 
following the course of penicillin. Tongue 
scrapings of patients developing a brown 
tongue were examined by Dr. Rhoda 
Benham in the mycology laboratory. Gastric 
expressions were done to rule out the possi- 
bility of gastric anacidity. This was not 
found in any instance. 

Of ten patients, one failed to continue 
treatment after four weeks. The remainder 
completed courses of three to six months. 
The average total amount of penicillin 
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administered to each patient during the 
course of treatment was 127,900,000 units. 
This would seem to be an adequate trial 
of therapy. 


RESULTS 


Our criteria of clinical improvement were 
the same as used in previous communica- 
tions from this clinic,?4 namely, (1) striking 
improvement—marked subjective and ob- 
jective change in the patient accompanied 
by a convincing drop in the sedimentation 
rate. It will be noted that only one patient 
showed such a response (F. A.) and he has 
juvenile arthritis of the type in which we 
have learned to expect a better than average 
prognosis; (2) moderate improvement—a sig- 
nificant change in the patient’s condition 
subjectively and objectively accompanied 
by a convincing fall in sedimentation rate; 
(3) slight improvement—improvement diffi- 
cult to define, drop in sedimentation rate; 
(4) none. 

The degree of clinical improvement is 
noted in Table 1. When.the results in this 
study are compared with reports of other 

22.23 they are not encouraging. 
(Table 1.) A drop in erythrocyte sedimenta- 
tion rate to normal occurred in only two 
patients. Only one of these has maintained 
a low rate during the follow-up period. A 
definite drop i in sedimentation rate occurred 
in three patients, little change or’an actual 
rise in rate occurred in the five remaining 
subjects. 

There was an apparent decrease in inci- 
dence and severity of upper respiratory 
infections during the course of penicillin 
therapy but no correlation could be estab- 
lished between the degree of improvement 
and presence or absence of such infections. 
Upper respiratory infections of less than 
one week’s duration without systemic effect 
have been considered mild; those accom- 
panied by a low-grade fever or lasting more 
than a week have been considered moderate 
to severe. 

In Table 1 the range of levels of penicillin 
in units per milliliter and median values is 
shown. (In the eighth case, penicillin was 
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administered in gelatin capsules rather than 
aqueous solution.) Adequate levels have 
been obtained comparable to those reported 
with intramuscular or intravenous adminis- 
tration. Our peak levels have been from 
0.1 to 1.6 u/ml. These were attained using 
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tongue scrapings of six patients were ex- 
amined by Dr. Rhoda Benham and a 
monilia was cultured from four of them. 
Two cultures were identified as Monilia 
albicans, two others were non-pathogenic 
monilia. After the brown pigmentation was 


TABLE I 
RESULTS OF TREATMENT OF ARTHRITIS WITH ORAL PENICILLIN 
Median Erythrocyte 
; Incidence of Sedimentation Rate 
Duration of Upper Improve- 
Diagnosis Treatment Respiratory ——| ment 
Infections Bef Duri Af 
J. P. | Marie-Striimpell spondylitis 14 wk. mild X 1 44 34 47 slight 
A. G. | Marie-Strimpell spondylitis 26 wk. none 60 58 57 none 
F. A. | Juvenile rheumatoid arthritis 28 wk. mild X 1 44 11 10 striking 
K. P. | Juvenile rheumatoid arthritis 26 wk. moderate X 1 104 82 63 slight 
mild X 1 
G. B. | Adult rheumatoid arthritis 12 wk. mild X 1 32 18 52 moderate 
M. W. | Adult rheumatoid arthritis 22 wk. none 41 31 47 slight 
G. M. | Adult rheumatoid arthritis 27 wk. none 92 90 62 none 
F. B. | Adult rheumatoid arthritis 28 wk. mild X 1 62 59 80 none 
rinorrhea X 2 
W. O. | Adult rheumatoid arthritis 28 wk. none 54 43 30 slight 
H. G. | Adult rheumatoid arthritis 4 wk. none 42 33 61 none 


an aqueous unbuffered solution of penicillin 
without any protective agent such as an 
antacid or enteric coating and seem to cor- 
roborate the recently published suggestion 
that gastric acidity is of minor importance 
in the destruction of orally administered 
penicillin. 1425-26 | 

Various reports of toxic reactions to 
penicillin have appeared.?”~** In our series 
nausea occurred in three patients, it sub- 
sided spontaneously in two while treatment 
was continued and in the third patient, a 
60 pound child, it subsided when the dose 
was reduced from 1,000,000 to 500,000 
units daily. Transient diarrhea was noted 
in four patients and a small localized rash 
of two days’ duration occurred in another. 
It was not necessary to discontinue treat- 
ment in any instance. 

An unexpected finding was the appear- 
ance of a brown discoloration of the tongues 
in severy patients. In some instances a furry 
appearance accompanied the brown color, 


suggesting the presence of a fungus. The 


definite, two patients were told to swallow 
the capsules intact rather than in solution. 
In five to ten days the brown color was 
nearly gone. One patient, a heavy smoker, 
retained a tinge of brown presumably 
because of tobacco. All other patients 
exhibiting a brown tongue showed a disap- 
pearance of pigmentation as soon as treat- 
ment was stopped. The color induced was 
probably due to a concentration of colored 
material from the penicillin used. 

The bacteriologic results of this study, a 
preliminary survey of which has been pre- 
sented, are being reported in detail else- 
where.*’ Before treatment the predominance 
of gram-positive organisms in the throats of all 
patients except one was indicated by smears 
and cultures. In most instances colonies of 
Streptococcus viridans were predominant. 
Other gram-positive organisms appeared 
intermittently in some patients prior to 
therapy. During penicillin therapy throat 
smears and cultures indicated a predomi- 
nance of gram-negative forms similar to 
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those observed occasionally in pre-penicillin 
cultures, and coliform bacteria which ap- 
peared first a short time after beginning 
therapy. Penicillin-sensitive organisms, in- 
cluding pneumococci and hemolytic strep- 
tococci, group A, disappeared from the 


TABLE 
PENICILLIN CONCENTRATION IN SERUM OF TEN PATIENTS 
RECEIVING 500,000 to 1,000,000 uUNITs DAILY 
IN AQUEOUS SOLUTION 


Single Interval Unit Penicillin per ml. Serum 
Case Done* | between 
Bleeding Range Median 
F.A 83,000 3 min. 005 - 0.4 0.2 
1 hr. 0.0125- 0.2 0.2 
? hr. <0.0125—- 0.0125 | <0.0125 
3 hr. <0 .0125—- <0.0125 | <0.0N25 
G. B. 166,000 30 min. 0.05 - 0.4 0.2 
1 hr. 0.1 - 0.2 0.15 
2 hr. 0.025 —- 0.025 0.025 
3 he. <0.0125- 0.025 <0 025 
F. B. 166,000 30 min. 02 - 0.4 0.2 
1 hr. 0.05 —- 0.4 0.2 
2 hr. 0.0125—- 0.05 0.05 
3 hr. 0.0125- 0.025 0.025 
H. G. 166,000 min. wk 0.4 
1 hr. 0.1 - 0.1 0.1 
2 hr. 0.0125-— ...... 0.0125 
3 hr. <0 .0125 
A.G 166.000 30 min <0.0125- 0.2 <0.0125 
1 he. <0.9125- 0.1 0.0125 
2 hr. <0.0125- 0.05 <0 0125 
3 he. <0.0125- 0.0125 | <0.0125 
G.M 166,000 30 min. <0.0125- 1.6 0.6 
1 hr. <0.0125- 0.8 0.4 
2 hr. <0.0125- 0.05 <0.0125 
3 hr. <0 0125- 0.025 <0 
w.o 166,000 30 min. 0.1 - O8 0.4 
1 he. 0.025- O8 0.2 
? hr. 0.05 - 0.4 0.1 
3 hr. 0.025 - 0.2 0 05 
K.P 83,000 30 min. 0.2 - 08 0.8 
1 he. 0.05 - 0.2 0.1 
2 hr. <0.05 - 0.05 0.025 
3 hr. <0.05- 0.025 <0 .0125 
j.P | 166,000 30 min. <0.0125- 0.1 0.025 
1 hr. <0.017?5- 0.1 0.0125 
2 hr. <0.0125— 0.025 
3 hr. <0.0125— 0.0125 | <0.0125 
M. W 166,000 30 min. <0.0125—- 0.4 0.05 
1 hr. <0.0125- 0.1 0.05 
2 hr. <0.0125— 0.025 <0 .0125 
3 hr. <0.0125- 0.0125 | <0.0125 


* This dose was repeated six times daily. 


throats. Examination of stool specimens has 


indicated a definite inhibitory effect on the 
gram-positive diplococci of the intestinal 
tract. 

No effect was observed on the anti- 
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streptolysin-0 or streptococcus agglutination 
titers following penicillin therapy. 

COMMENTS 


In studying the results with penicillin 
therapy it should be borne in mind that 
from 50 to 70 per cent of arthritics will 
exhibit some degree of improvement with 
only general supportive treatment.”° Using 
various empirical remedies even better 
results are reported, and in recent years 
many observers have believed that chryso- 
therapy was of definite benefit in a large 
percentage of cases.** Aside from the effects 
on arthritis, there was a diminution in 
severity and frequency of upper respiratory 
infections noticed by all of the patients. 
These infections may vary so much from 
year to year in any one patient, however, 
that it would be difficult to assign great 
importance to this observation. 

Penicillin levels of 0.05 u/ml. are effective 
against most pneumococci, streptococci and 
other oral pathogens, but not against 
organisms requiring more than 0.05 unit 
for inhibition of growth in viiro. One 
report has suggested that effective blood 
levels during the usual intramuscular doses 
range from 0.02 to 0.16 u/ml.** Peak levels 
obtained in this work were usually much 
higher than this. Usually higher levels 
with a given dose of penicillin are obtained 
if the drug is taken more than one-half hour 
before*® or two hours after meals. With 
such a schedule only minor variations from 
the median should appear. Actually, it is 
impossible to control the exact time of 
administration in ambulatory patients so 
that the fluctuations have occasionally been 
greater as noted in Table 1. 

A striking observation, considering the 
length of time and large amounts of peni- 
cillin involved in this study, was the paucity 
of toxic reactions. Mild reactions did occur 
but it was never necessary to stop treatment 
because of them. In fact all of the various 
reactions listed previously disappeared in a 
day or so as treatment continued. 

In a study of one hundred normal throat 
cultures Dr. Benham isolated M. albicans 


= 
| 
* 


714 


from 18 per cent,*® thus it is impossible to 
draw conclusions from our small series. 
No correlation has been established between 
this phenomenon and penicillin levels but 
it was observed that patient A. G., who 
has seldom had high levels when tested, 
developed a brown, shaggy tongue on the 
fifth day of treatment, earlier than any other 
patient. 


SUMMARY AND CONCLUSIONS 


1. Penicillin has been given by the oral 
route to ten patients with arthritis. Two 
patients were moderately to markedly im- 
proved, four patients were slightly improved 
and four patients were unimproved during 
the course of this study. 

2. There seemed to be a diminution in 
incidence and severity of upper respiratory 
infections. 

3. With one exception, therapeutic levels 
of penicillin were attained in the serum by 
oral administration even though no antacid, 
buffer, enteric coating or other protection 
was employed. 

4. Transient reactions consisting of nausea 
or diarrhea were observed in five instances. 
One patient had a two-day rash localized 
to one leg, probably not associated with 
penicillin. In no case was it necessary to 
stop treatment because of persisting reactions. 

5. Seven patients developed a brownish 
discoloration of the tongue while receiving 
penicillin. Fungus cultures were obtained 
from six patients, two were positive for 
M. albicans, two had non-pathogenic moni- 
_ lia and two were negative. 

6. Oral penicillin was effective against 
susceptible organisms when the dosage 
was increased to four or five times the usual 
intramuscular dose. 

7. Bacteriologic studies demonstrated a 
change in the predominant organisms of the 
throat from gram-positive to gram-negative, 
the disappearance from the throat of peni- 
cillin-sensitive organisms, the appearance of 
coliform bacteria in the throat and a 
decrease in the prevalence of gram-positive 
diplococci in the intestinal tract. 
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8. Antistreptolysin and streptococcus ag- 
glutination titers were unchanged with 
penicillin therapy. 

9. Penicillin is not recommended for the 
treatment of rheumatoid arthritis. 
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Oral Penicillin in the Treatment of 
Various Bacterial Infections® 


Jay A. Rosinson, M.D., HAROLD L. HirsH, M.D. and Harry F. Dow inc, m.p. 
Washington, D. C. 


RAL administration of a drug is the 
() method of choice from the stand- 
point of the patient’s comfort and 
physician’s convenience. In the early studies 
of the absorption of small doses of penicillin 
from the gastrointestinal tract only low con- 
centrations were demonstrated in the serum 
although higher concentrations were ob- 
tained in patients with achlorhydria."’ 
From these observations, plus the fact that 
penicillin was destroyed in an acid medium, 
the hypothesis was entertained that low 
serum levels following oral administration 
were the result of destruction by gastric 
juice.'~* Many investigators combined peni- 
cillin with various protectives in an effort 
to decrease this destructive action.***® Fur- 
ther studies of the absorption of large doses 
of penicillin in aqueous solution given 
orally demonstrated that the serum con- 
centrations were as good as those obtained 
with the use of protectives.””’ These varia- 
ble results stimulated several investigators 
to review the problem of oral administra- 
tion of penicillin. 
McDermott and his collaborators”* found 
that at a pH of 2 penicillin was destroyed 
rapidly and completely; at pH 4 the de- 


struction was slow and incomplete and at 


pH 7.2 to 7.5 no destruction occurred. They 
further demonstrated that in normal sub- 
jects the pH of the gastric juice was fre- 
quently 4 or above, and concluded that the 
destruction of penicillin in the stomach ac- 
counted for only a small fraction (10 to 15 
per cent) of the ingested dose. Free and his 
associates”® also found that if large doses 
were given orally, most of the penicillin 


escaped the action of the gastric juice and 
that the amount available for absorption 
through the duodenum was sufficient to 
produce significant serum concentrations. 

Several investigators*****! recently stud- 
ied the absorption and destruction of 
penicillin in various parts of the gastroin- 
testinal tract. They found that the maximal 
amount of penicillin absorbed from the 
duodenum was approximately one-third 
of the amount present, and that destruction 
of the drug did not cccur. Their explana- 
tion for the fact that only small amounts 
were absorbed was that passage through this 
organ was too rapid to permit complete 
absorption. 

Approximately one-fifth of the amount 
which reached the jejunum and ileum was 
absorbed while nearly one-half of the peni- 
cillin present in this region was destroyed. 
Of the amount which reached the colon, 
only 5 per cent was absorbed while about 
four-fifths was destroyed. These investiga- 
tors believed that the destruction in the 
intestinal tract was due mainly to penicil- 
linase produced by some of the bacteria. 
An average of 2 per cent of the ingested 
dose was excreted in the feces. These data 
indicated that the relative inefficiency of 
oral dosage was due to the incomplete 
absorption in the upper intestinal tract and 
destruction in the lower portions. Further- 
more, the effect of protective substances 
was negligible in comparison with the other 
factors involved. 

In view of the fact that oral administra- 
tion of penicillin is followed by therapeutic- 
ally effective concentrations of the antibiotic 


* From the George Washington University and Georgetown University Medical Divisions, Gallinger Municipal 
Hospital, and the Departments of Medicine, George Washington University School of Medicine and Georgetown 


University School of Medicine, Washington, D. C. 
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in the serum when sufficiently large doses 
are given, we decided to employ this 
route in the treatment of certain diseases. * 
In general, we selected a dose five times as 
high as that which we were accustomed to 


TABLE 1 
RESULTS OF ORAL PENICILLIN THERAPY IN VARIOUS 
INFECTIONS 
Recov- | Unim- 
Disease oan Died | Dosage-Schedule 
Pneumococcic 
pneumonia......... 109 4 | 75,000 units every 
3 hr. until afebrile 
for 48 to 72 hr. 
Scarlet fever.......... 94 0 | 125,000 units every 
3 hr. for 5 days 
Tonsillitis 
and pharyngitis. .... 38 0 100,000 to 125,000 
units every 3 hr. 
for 5 days 
Erysipelas............ 6 0 | 100,000 to 125,000 
: units every 3 hr. 
for 5 days 
Otitis media......... 16 1 100,000 to 125,000 
units every 3 hr 
for 48 hr. after 
all evidence of ac- 
tive infection have 
Vincent’s angina...... 6 0 50,000 to 75,000 
units every 2 to 3 
hr. for 3 to 4 days 
Infections of the skin. . 21 1 125,000 units every 
3 nr. for 5 days 
Bacterial endocarditi<. . 0 2 Oral peniallin not 


administer intramuscularly for the same 
diseases. 


RESULTS 


The dosage schedules and the results of 
treatment in 298 patients with various in- 
fections treated with oral penicillin are 
listed in Table 1. 

Pneumococcic Pneumonia. Included in the 
series are 113 patients with pneumonia. 
No selection was practiced. All patients 
diagnosed as having pneumonia during the 
times when oral preparations were avail- 
able were treated by the oral route. Sputum 
specimens and blood cultures were obtained 
before therapy was begun. As shown in 
Table 1 a penumococcus was typed from 
the sputum of ninety-one patients. In the 
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twenty-two patients in whom a pneumo- 
coccus was not found the presumptive 
diagnosis of pneumococcic pneumonia was 
made on the basis of a typical history, 
characteristic physical and x-ray findings 


TABLE 
PATIENTS WITH PNEUMONIA—ARRANGED ACCORDING TO 
TYPES 
Ail Cases | 
Type of 
Pneumococcus 
No. Died No. Died 
1 10 1 2 1 
2 12 0 1 0 
3 11 0 0 0 
4 6 0 2 0 
5 1 0 0 0 
6 5 0 0 0 
7 13 1 2 0 
8 6 0 1 0 
Other types 27 1 1 
No type obtained 22 1 0 0 
Total 113 4 9 2 
(3.5%) (22%) 


and leukocytosis. Nine patients had positive 
blood cultures. Forty-four (39 per cent) of 
the patients were over forty years of age. 
(Table mm). Lobar pneumonia was diag- 
nosed in ninety-eight patients and broncho- 


TABLE 
PATIENTS WITH PNEUMONIA—ARRANGED ACCORDING 
TO AGE 

Age Group No. Died 
12-20 10 0 
21-30 26 0 
31-40 33 2 
41-50 20 0 
51-60 12 1 
61-70 7 0 
over 70 5 1 
Total 113 4 


pneumonia in fifteen. Twenty patients had 
involvement of more than one lobe. Among 
the eighty-eight patients for whom the day 
of onset could be definitely established, 
penicillin treatment was begun on the first 
two days of the disease in 39 per cent of 


*The penicillin used was in the form of tablets 
buffered with calcium carbonate and was supplied by 
the Lederle Laboratories, Inc., Pearl River, N. Y. 
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cases; on the third or fourth days in 31 per 
cent; on the fifth to the seventh days, 
inclusive, in 25 per cent and after the 
seventh day in 5 per cent. None of the 
patients had received sulfonamides or anti- 
biotics before admission to the hospital. 

The dose of penicillin employed in most 
instances was 75,000 units every three 
hours, day and night, until the patient’s 
temperature fell and remained below 100°F. 
for forty-eight to seventy-two hours. Fifteen 
patients were given 80,000 units and two 
received 100,000 units every three hours. 
The larger doses were given without regard 
to the severity of the disease but be- 
cause preparations of penicillin were avail- 
able which made such a dosage regimen 
convenient. 

The results of oral penicillin therapy were 
comparable with those obtained by intra- 
muscular doses approximately one-fifth as 
great. 

Some of the cases reported herein were 
included in a previous study*” which showed 
that the case fatality rates, the speed of 
temperature fall and incidence of complica- 
tions were comparable with the results in 
patients treated by the oral and by the 
intramuscular route, providing the oral dose 
was five times as great as the intramuscular. 

Death occurred in four (3.5 per cent) of 
the 113 patients in whom oral treatment 
was employed. Two of the patients were in 
the age group of thirty-one to forty years. 
Both had overwhelming infections accom- 
panied by bacteremia and were moribund 
on admission. One was admitted on the 
fifth day of illness and the other on the 
seventh day. Both patients died soon after 
treatment was started, one patient eight 
hours and the other fifteen hours after the 
first dose of penicillin. 

The patient aged fifty-four who died was 
admitted to the hospital on the seventh day 
of his illness. He died thirty-nine hours after 
treatment was started and at autopsy was 
found to have bronchopneumonia through- 
out the right lung and in the left lower lobe 
and a fibrinous pericarditis. 

The fourth fatality occurred in a ninety- 
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eight year old colored female who recovered 
from pneumonia and died ten days later 
from a hemorrhage of the intestinal tract, 
the cause of which was unknown. Autopsy 
was not obtained. 

Our results with oral penicillin were 
similar to those obtained by others,?%?!:*? 
some of whom employed smaller, and others 
larger doses. 

Infections Caused by Beta Hemolytic Strepto- 
cocct. ‘The pronounced susceptibility of the 
beta hemolytic streptococcus to the bac- 
tericidal action of penicillin stimulated us to 
treat scarlet fever with this antibiotic. We 
have given penicillin orally in doses of 
125,000 units every three hours for five days 
to thirty patients, and 100,000 units every 
four hours for the same period of time to 
sixty-four patients. The results with oral 
administration in these doses were com- 
parable to those obtained in eighty-six pa- 
tients treated by parenteral injections of 
25,000 units every three hours for five 
days.** The penicillin caused a prompt fall 
in temperature, a decrease in toxicity and 
a pronounced reduction in the incidence of 
pyogenic complications and the carrier 
state. Furthermore, in all patients from 
whose throat a hemolytic streptococcus was 
cultured, the causative organism disap- 
peared within forty-eight hours and did not 
reappear while the patient was under ob- 
servation. The need for antitoxin is appar- 
ently obviated except in severely toxic 
patients or in those who show no response 
to penicillin after an adequate trial for 
forty-eight to seventy-two hours. Since peni- 
cillin therapy decreases the number and 
severity of complications, we believe that 
even the patients with mild cases should 
have the benefit of the antibiotic. On ad- 
mission several patients had pyogenic com- 
plications such as otitis media, sinusitis and 
infected wounds. All of these complications 
responded promptly to penicillin therapy. 
A more detailed report on the treatment of 
scarlet fever with penicillin has been pub- 
lished elsewhere.** 

Patients with streptococcic infections of 
the pharynx without rash, treated with peni- 
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cillin orally in doses of 100,000 units to 
125,000 units every three or four hours for 
five days, responded as well as those with 
scarlet fever. Hemolytic streptococci dis- 
appeared promptly from the throat cul- 
tures and the symptoms regressed rapidly. 
The patients appeared well in about 
seventy-two hours. The results in these 
thirty-eight patients are comparable to 
those obtained in thirty patients treated by 
us with parenteral penicillin.** Penicillin 
treatment should be continued for a mini- 


mum of five days; otherwise the incidence - 


of complications and recurrence is high and 
the complications may be severe.** Others 
have reported similar results.**"*¢ 

Although the sulfonamides have been 
highly effective in the treatment of ery- 
sipelas, we believe that penicillin is the drug 
of choice. The six patients treated with 
125,000 units of penicillin orally every three 
hours recovered in five days although the 
amount of skin involved covered as much 
as three-fourths of the face in some in- 
stances. Within twenty-four hours of the 
beginning of therapy the lesion stopped 
spreading. Thereafter, there was prompt 
regression of all symptoms as well as of the 
area of involvement so that within an 
average of five days the skin appeared es- 
sentially normal. These results were similar 
to those obtained in four patients whom we 
treated parenterally.** 

Acute Ottis Media. ‘The micro-organisms 
which affect the middle ear are usually 
amenable to penicillin therapy. We have 
treated seventeen such infections with oral 
penicillin. The results were similar to those 
observed in fifteen patients treated with 
penicillin parenterally.** The dosage sched- 
ule employed was 100,000 to 125,000 units 
every three hours and this was continued 
for forty-eight hours after all evidence of 
active infection had disappeared. Ten pa- 
tients had acute catarrhal otitis media and 
seven had a suppurative process. Cultures 
of the pus in the latter patients yielded beta 
- hemolytic streptococcus in five cases, Staph- 
ylococcus aureus in one case and pneumo- 
coccus, Type m1, in another case. In nine 
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patients the otitis media was apparently a 
primary infection while in seven patients 
the ear involvement followed an acute upper 
respiratory infection. One patient also had 
Type 1 pneumococcic pneumonia. Not 
included in the tabulations are an additional 
seven patients with scarlet fever who had 
catarrhal otitis media which was present 
on admission and which responded to the 
penicillin administered for the scarlet fever. 
The patients with acute catarrhal otitis 
media showed regression of the abnormal 
findings within twenty-four hours. All signs 
were usually gone by the third or fourth 
day. In all of the patients with suppurative 
Otitis media the drainage became thinner 
and less in amount within twenty-four hours 
and stopped completely within seventy-two 
hours. Regardless of the kind of pathologic 
condition present, the treatment was con- 
tinued for forty-eight hours after all evidence 
of active infection had disappeared. Average 
duration of treatment was seven days. 
Myringotomy was avoided in all patients 
except one who had an acute catarrhal 
otitis media. In this patient the myrin- 
gotomy was performed after the patient 
had made a favorable response and the 
operation may not have been necessary. 
The one patient who failed to respond had 
an acute catarrhal otitis media. After there 
was no improvement following seventy- 
two hours of oral penicillin therapy the 
patient was given 25,000 units of aqueous 
penicillin intramuscularly every three hours 
for five days with only slight improvement. 
Recovery finally occurred after seven days 
of sulfadiazine therapy. Gyorgy and his 
associates*? and Lierle and his co-workers*® 
have reported results similar to ours with 
the use of oral penicillin in the treatment 
of otitis media. 

Vincent’s Stomatitis and Pharyngitis. The 
effectiveness of penicillin in Vincent’s stoma- 
titis and pharyngitis has been demonstrated 
whether the antibiotic is administered 
orally,** parenterally*"**** or is employed 


Our results with oral peni- 
cillin in the treatment of six patients with 
Vincent’s stomatitis and pharyngitis were 
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excellent. Doses of 50,000 to 75,000 units 
were given every two to three hours for 
three to four days. Vincent’s organisms 
disappeared within twenty-four hours after 
the start of therapy, and the symptoms sub- 
sided and the lesions disappeared within 
several days. Although the results with oral 
therapy were as good as those obtained in 
six patients treated with intramuscular in- 
jections,** treatment by the latter method 
has the advantage that 15,000 to 25,000 
units given intramuscularly every three 
hours for one day will control most infec- 
tions and only a few patients will require 
two to four days of treatment. 

Infections of the Skin and Subcutaneous Tis- 
sues. Prompt recovery occurred in twenty- 
one of twenty-two patients with various 
infections of the skin and subcutaneous 
tissues, including abscesses, cellulitis, car- 
buncles and impetigo. These patients were 
given 125,000 units orally every three hours 
for five days. In all instances the lesions 
showed evidence of prompt regression with 
complete resolution of the infections by the 
time therapy was discontinued. Others have 
reported similar experiences.*”*? Qur re- 
sults were comparable to those which we 
obtained in nineteen patients to whom we*! 
gave penicillin parenterally. The one failure 
occurred in a patient who developed an 
abscess following an injection of protamine 
zinc insulin. Healing did not occur until 
incision and drainage were performed. The 
pus at that time was cultured and was found 
to be sterile. 

Bacterial Endocarditis. ‘Treatment with 
parenteral penicillin has revolutionized the 
prognosis of bacterial endocarditis. Suc- 
cessful use of oral penicillin in the treat- 
ment of this infection has been reported.‘® 
We started treatment of two patients with 
the administration of penicillin by mouth 
in doses of 100,000 to 200,000 units every 
three hours. When there was no clinical 
improvement and the blood cultures con- 
tinued to be positive after two days of oral 
penicillin, intramuscular therapy was sub- 
stituted. This was followed by prompt con- 
trol of the infection. In the case of one 
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patient the sensitivity of the Streptococcus 
viridans was found to be 0.039 units of 
penicillin/cc. The concentration of penicillin 
in the serum was determined at regular 
intervals and frequently found to be below 
the desired level for the causative organ- 
ism. Inasmuch as bacterial endocarditis is 
a serious disease in which penicillin therapy 
may sometimes fail even under what appear 
to be the most favorable circumstances and 
since parenteral therapy in our hands*® as 
well as elsewhere now fresults in cures in 
about 75 per cent of these patients, we be- 
lieve that oral therapy should not be 
employed. 

Gonorrhea. We have not treated any pa- 
tients with gonorrhea by the oral route. 
Meads and Finland*' reviewed the cases of 
225 patients given oral penicillin. They re- 
ported that a favorable response occurred 
in 190 (85 per cent) of the patients. The 
dose of penicillin ranged from 100,000 to 
1,600,000 units given over a period of one 
to sixty-nine hours. They concluded that in 
order to achieve results comparable with 
those obtained with 75,000 units or more 
intramuscularly, it is probably necessary 
to use a total oral dose of 600,000 units or 
more. Others*? have had similar results with 
600,000 units over a period of seven hours. 
One investigator®? reported cures in 92.7 
per cent of his patients using 200,000 units 
given twice over an eight-hour interval. 


TOXIC REACTIONS 


A number of patients with other diseases 
were given oral penicillin, making a total 
of 350 patients who were treated by this 
route. Among these, eight had toxic reac- 
tions. One patient was given two courses of 
oral penicillin and developed nausea and 
vomiting immediately after taking each dose 
of the first course. She had no reaction 
during the second course. Six patients com- 
plained of mild diarrhea which was present 
only during penicillin therapy and which 
did not interfere with treatment. No other 
cause for the diarrhea was found. The 
eighth patient developed urticaria and 
pruritus on the third day of treatment. She 
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was also receiving aspirin and codeine 
sulfate. The symptoms were relieved by 
benadryl given orally. Treatment with 
penicillin was continued for an additional 
two days. After the completion of therapy 
she was given test doses of aspirin, codeine 
sulfate and penicillin without developing 
a reaction to any of them. 

It is quite likely that the nausea, vomiting 
and diarrhea were due to mechanical fac- 
tors from the number of tablets that were 
taken rather than to hypersensitivity to 
penicillin. When allergic manifestations 
alone are considered, the incidence of toxic 
reactions due to oral penicillin is much less 
than that observed by us in patients treated 
with the antibiotic given parenterally. 
Urticaria or fever developed in seven of the 
600 patients to whom we gave penicillin 
intramuscularly or intravenously. 


COMMENTS 

Simplicity of the oral administration of 
penicillin makes it one of the more desir- 
able methods of administration of this anti- 
biotic. Because the serum concentration 
of penicillin is irregular and generally low 
after this method of administration, it would 
seem inadvisable to use it in severe infec- 
tions, in infections in which the causative 
micro-organisms are relatively resistant to 
penicillin or in ‘infections in which the 
penicillin does not have easy access to the 
bacteria. The wisest procedure is to evalu- 
ate the usefulness of oral penicillin by ex- 
tensive clinical trial in the various diseases 
in which it might, theoretically, be effective 
before recommending its use. Preferably, 
such studies should be controlled by the 
treatment of similar patients with com- 
parable doses of penicillin administered 
parenterally. 

We have used the oral method to treat 
298 patients, most of whom were suffering 
from infections which were either mild or 
were caused by bacteria which were rela- 
tively susceptible to penicillin. Numerous 
patients with the same diseases have been 
treated by us with parenteral penicillin. 
Usually about one-fifth as much penicillin 
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was used by injection as was administered 
orally. In some instances alternate patients 
were given oral and parenteral penicillin. 
In others the route of administration de- 
pended upon the preparation available at 
the time. In no case was the selection of the 
route based upon the severity of the disease. 

In the case of patients with pneumococcic 
pneumonia, streptococcic sore throat with 
rash (scarlet fever), streptococcic sore throat 
without rash, erysipelas, otitis media, acute 
sinusitis and certain infections of the skin and 
subcutaneous tissues, there was no difference 
between the response obtained when peni- 
cillin was administered parenterally and 
when it was given orally in doses approxi- 
mately five times as great. It will be noted 
that these infections were all caused by 
organisms which are usually inhibited by 
concentrations of penicillin sufficiently low 
to be obtainable in the serum when peni- 
cillin is given orally in doses of 75,000 to 
125,000 units every three hours. On the 
other hand, oral therapy was not successful 
in two cases of bacterial endocarditis caused 
by Str. viridans. This result might be ex- 
pected in view of the fact that these organ- 
isms are sometimes relatively resistant to 
penicillin and the lesions are not easily 
accessible to penicillin.** 


SUMMARY 


1. Penicillin was administered by the 
oral route to 350 patients, and the results 
were compared with those obtained in 
over 600 patients treated by intermittent 
intramuscular injections. The oral doses 
were approximately five times as great as 
the parenteral doses. | 

2. The results were comparable to those 
obtained with parenteral therapy in the 
case of pneumonia, streptococcic sore throat, 
scarlet fever, erysipelas and otitis media. 
They were less satisfactory in Vincent’s 


stomatitis and poor in the case of bacterial 


endocarditis. 

3. Hypersensitivity reactions were less 
frequent than with penicillin administered 
by the other commonly used routes. 
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Review 


Hypertension and Urologic Disease’ 


Homer W. SMITH, sc.D. 
New York, New York 


UMEROUS investigators in this coun- 
N try and abroad continue to study 
animals rendered hypertensive bv 
interference with the renal blood flow, i.e., 
by one variation or another of the Goldblatt 
experiment. This experiment is among the 
classics of modern physiology and _ has 
evoked perhaps greater interest and a larger 
series of publications than any other single 
experiment of the last two decades. This is 
wholly appropriate and is to be expected 
in view of the great importance of hyper- 
tensive disease which affects one quarter or 
better of the adult population. The litera- 
ture on experimental hypertension runs to 
well over a thousand papers. It has recently 
been summarized by several workers in that 
field?® ** 4° and it is unnecessary to comment 
on it except in one or two details. Renin, 
presumed to be the precursor cf the pressor 
substance in the initial stages of experi- 
mental hypertension, is demonstrable in the 
systemic blood for a short time following 
clamping of the renal arteries in dogs and 
also in man in circumstances where the 
renal blood flow is abruptly and markedly 
reduced; but in dogs with chronic hyper- 
tension, as well as in patients with essential 
hypertension, the most reliable results have 
been uniformly negative up to this time. If 
the renin mechanism is solely responsible 
for the rise in blood pressure in the early 
stages of the Goldblatt experiment, or in 
early renal hypertension in man, some other 
mechanism, apparently quite independent 
of the renin mechanism, is responsible in the 
chronic stages in both types. There is, there- 


fore, no warrant to conclude that renin is 
the pressor factor in well established hyper- 
tensive disease, and we remain without any 
experimental interpretation of the chronic 
process in man. Nor is it yet demonstrated 
that the renin mechanism is responsible for 
early essential hypertension in man. 

It was once thought that a unilateral 
Goldblatt kidney could activate a mecha- 
nism in the contralateral, unclamped kidney 
to produce hypertensive disease but it is now 
contended that this result is peculiar to the 
rat. It is very rare for a unilateral Goldblatt 
kidney to produce a substantial and sus- 
tained rise in pressure in the dog; the rise of 
pressure is at best only moderate and 
transient. There is therefore no warrant 
from experiments on dogs for assuming that 
unilateral renal disease in man can initiate 
chronic or self-propagating hypertension. 

There is a considerable amount of litera- 
ture on the renal blood flow in essential 
hypertension and in other pathologic proc- 
esses in man, and nothing in these data 
points convincingly to the primacy of renal 
ischemia. The available data can be equally 
well interpreted in terms of a disease which 
produces afferent arteriolar sclerosis as well 
as functional constriction of the efferent 
glomerular arterioles (possibly by a humoral 
mechanism) and to which the kidneys be- 
come an easy victim possibly for no other 
reason than because they receive so large a 
fraction (approximately one-fifth) of the 
total cardiac output. | 

If we assume that hypertensive disease is 
the result of a multitude of microscopic 
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Goldblatt clamps placed upon the renal 
arterioles in consequence of arteriolar scle- 
rosis, then we must recognize that the 
arteriolar disease, which itself remains un- 
explained, is the primary event and there is 
no reason to limit this to the kidneys. As I 
have said before,'!* it does not advance our 
problem and it is illogical to suppose that at 
one moment humoral agents are operating 
to reduce renal blood flow and then at the 
next moment suppose that the reduction in 
renal blood flow is the reason for the appear- 
ance of these agents in the blood. 

Alternatively, there are those who argue 
that renal ischemia or some other disturb- 
ance in the renal circulation is brought 
about by neurogenic constriction of the 
renal arterioles mediated through the sym- 
pathetic nervous system. They imply, as 
yet without warrant, that the stresses of 
modern life initiate the hypertensive process 
along the lines of the Goldblatt experiment 
by functional vasoconstriction. It has been 
well demonstrated that severe alarm, pain 
close to the threshold of toleration and, 
more recently, neurotic conflict when ab- 
ruptly precipated®®!!© 111-123 can cause renal 
vasoconstriction in man, although it is not 
known how much of this vasoconstriction is 
attributable to neurogenic action and how 
much to the secretion of adrenalin. How- 
ever, the surgeons report no success in 
reduction of blood pressure in hypertensive 
subjects by renal denervation; in order to 
achieve any significant reduction in pressure 
they must destroy almost all the sympathetic 
nervous system, the primary mechanism by 
which vasoconstrictor impulses are delivered 
to the arterioles throughout the body, and 
even here they are successful no more than 
about one-third of the time. In the absence 
of better evidence in favor of the functional 
vasoconstriction hypothesis and in the face 
of the stubborn chronicity of established 
hypertensive disease despite extensive de- 
struction of the sympathetic nervous system, 
this hypothesis is at best a long guess. 

The cause of essential hypertension is as 
yet unknown. I have previously drawn an 
‘analogy with diabetes mellitus.’ Had 
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someone placed a clamp on the pancreatic 
artery before the days of Minkowski and 
obtained diabetes, he might well have been 
led to the theory that all diabetes is due to 
pancreatic ischemia or some other disturb- 
ance in the pancreatic circulation. This is, of 
course, not true; it is probably a very rare 
case in which the pancreatic circulation 
plays any part; in some instances diabetes 
possibly can be attributed to a congenital 
deficiency of islet tissue, in some cases 
to pituitary dysfunction and in some cases 
possibly to a disturbance in the adrenal 
cortex. In the light of our present knowledge 
it is reasonable to believe that essential 
hypertension may also have several causes, 
or in other respects be as complex as 
diabetes. 

The use of thoracicolumbar sympathec- 
tomy as a therapeutic measure is one of 
great interest to both internists and sur- 
geons. I hesitate to cite statistics on so-called 
successes in sympathectomy because the 
statistics published by different investigators 
vary so widely. I have no hesitancy, how- 
ever, in pointing out that sympathectomy 
deprives the body of an important mecha- 
nism for maintaining blood pressure and it 
is not as surprising that the pressure falls in 
some instances as that it should fail to fall 
in so many others. This failure points to 
widespread functional changes in the ar- 
teriolar bed throughout the body. No 
evidence has yet been presented that 
sympathectomy changes the temporal prog- 
ress of the disease; perhaps some patients 
will live longer if the danger of cerebral 
accidents is reduced by lowering the pres- 
sure, but the danger of cerebral thrombosis 
and coronary thrombosis may possibly be 
increased. One of my colleagues has replied 
to the question, ““When would you recom- 
mend sympathectomy in hypertension?” 
with the answer, “In desperation and 
experimentation.” In the last sense it is 
unquestionably valuable, but we must await 
data on the life history of.the experimental 
subjects before considering the experiment 
complete. 

Lastly, I must remark on the unreliability 
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of the blood pressure itself. Every student of 
this problem recognizes the lability of 
pathologically increased blood pressure. A 
single reading is virtually worthless since 
blood pressure can be raised or lowered by 
a variety of unrelated factors. It is the 
practice among those who are interested in 
hypertensive disease to hospitalize the 
patient for two to four weeks and to 
make repeated blood pressure observations 
throughout the day before drawing a base 
line. A large proportion of hypertensive 
subjects will show a marked reduction in 
blood pressure, frequently to normal values, 
under conditions of hospitalization and bed 
rest. Only after obtaining a long drawn, 
careful base line may one attribute a reduc- 
tion of blood pressure to any therapeutic 
measure. In recent studies in which hos- 
pitalized patients were maintained on a 
fairly standard regimen we have observed 
that as long as the research nurse took the 
pressure of certain patients it remained low, 
but let a physician, even one known to the 
patient, be in attendance and the pressure 
might soar to astonishing heights. Con- 
versely, in some instances the nurse proved 
to be the pressogenic agent. 

It is well known that in many patients the 
blood pressure can be materially lowered by 
psychotherapy,”* by reporting regularly to 
the clinic, by reduction in weight or other 
changes in living habits*® and by disciplined 
relaxation,*® although it may remain refrac- 
tory to many quasi-specific therapeutic 
agents.°** Nor can any significance be 
attached to relief of symptoms. There is a 
paper by David Ayman? published seven- 
teen years ago which is required reading 
for anyone interested in the therapy of hyper- 
tensive disease. Ayman reviewed thirty-five 
articles dealing with the treatment of 
hypertension and he pointed out that in 
practically every article complete or partial 
symptomatic relief was reported. Seldom 
was failure mentioned. The majority of 
papers reported a moderate reduction of 
blood pressure and a few reported a marked 
reduction. But it was consistently demon- 
strated that the degree of symptomatic 
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relief was greater than the reduction of 
pressure and symptomatic relief was fre- 
quently obtained without reduction of 
pressure. Included in the alleged therapeutic 
measures were irradiation of the suprarenal 
region, application of mistletoe, low salt 
diet, liver extract, radium to the skull, 
diathermy, corpus luteum, watermelon ex- 
tract, subtonin, calcium salts plus low 
protein diet, benzylbenzoate, desencin, thy- 
roid plus potassium permanganate, animasa, 
rhodan plus calcium plus diuretin, potas- 
sium and sodium sulfocyanate, nitroscleran, 
luminal, theominal, radium water and 
Nauheim baths. 

Ayman himself studied the effects of 
applying to forty hypertensive patients 
under ambulatory conditiéns the systematic 
therapeutic measure of making a complete 
history and physical examination and pre- 
scribing seriously and enthusiastically ten 
drops of dilute hydrochloric acid to be 
taken in one-half glass of water before 
meals, three times a day. Thirty-three out 
of the forty patients showed definite im- 
provement ranging from partial to complete 
relief of symptoms, giving 82 per cent 
success. Although possibly neurotic, these 
symptoms are not imaginary: headache, 
insomnia, nervousness, fatigue, weakness, 
loss of appetite and dizziness were most 
commonly relieved, to which was added a 
general sense of well being. The majority 
of patients improved after taking the treat- 
ment for one week, but a few were not 
relieved until the therapy had been con- 
tinued for three weeks. Only three untoward 
results were encountered: the medicine 
made one patient so tired. that she had to 
lie down after taking it; in a second patient 
it was accompanied by generalized pruritus 
without any objective change in the skin 
and the third patient, after three days of 
therapy, was seized with such headache, 
nausea and vomiting, chilly feelings, weak- 
ness, pain and exhaustion that she had to 
remain in bed for one week. I repeat that 
Ayman’s paper on the treatment of essential 
hypertension by dilute hydrochloric acid is 
required reading for all students of this - 
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problem. As Ayman remarks, “Hundreds of 
articles have appeared on the successful 
treatment of hypertension by many different 
methods and drugs, none of which have any 
specificity. They all have one thing in 
common: the enthusiastic treatment of a 
worried patient.” 

Van Dyke,'’* in discussing the Weapons 
of Panacea, quotes Trousseau’s injunction, 
‘Always use the new drugs while they still 
have power to heal,” and notes that during 
the period of medical enthusiasm results can 
be highly successful; as doubts assail the 
therapist only an occasional patient is 
benefited; finally, the physician is frankly 
skeptical and the previously valuable drug 
becomes virtually worthless. This leads him 
to remark that even the laity are amused 
when the cartoonist depicts a druggist hold- 
ing a vial before a prospective customer and 
saying, “It has been a wonder drug for over 
a week now.” 

In several places in the world primitive 


medicine men developed the art of tre- 


phining the skull with crude instruments. 
One may hazard the guess that this anatomic 
approach was initiated by the patient’s 
complaint of headache and, to extend the 
guess, we may suppose that in some in- 
stances the headache was related to hyper- 
tension. Judged by the success of the modern 
medicine man in relieving headache, in- 
somnia, nervousness and other symptoms 
by non-specific measures, I think we can 
confidently believe that craniotomy was 
once equally successful in maintaining the 
prestige of the profession. In view of the 
therapeutic usefulness of dilute hydrochloric 
acid and other non-specific agents, caution 
is needed in accepting the specificity of such 
powerful medicines as sympathectomy and 
nephrectomy. It is rather too bad that we 
do not have a few living craniotomies for 
controls. 

The fundamental trouble is that we have 
no method of evaluating the status of hyper- 
tensive disease, except in its malignant 
stage, other than by blood pressure; and 
blood pressure, even when repeatedly re- 
corded over a protracted period, is a clinical 
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quicksand. For several years workers in my 
laboratory have devoted themselves to the 
task of obtaining better and more reliable 
criteria of cardiovascular disease and as 
time goes on I have increasing confidence 
that they have chosen a wise, if distant, goal. 

We need not only a more reliable quanti- 
tative assessment but earlier recognition 
in the benign stage. It has been claimed 
that essential hypertension is an hereditary 
disorder or at least that a predisposition to 
hypertension is hereditary. But mammalian 
genetics, and particularly human genetics, is 
proving to be more complex than merely 
the presence or absence of a dominant gene; 
the same inherited feature may be variously 
dominant, recessive or sex-linked in different 
pedigrees; dominance and recessiveness are 
themselves not absolute and distinct but in 
different pedigrees the same gene may 
manifest itself by a sliding scale of values so 
that, quite apart from a tendency to skip a 
generation, so-called lack of penetrance, the 
same genetic character may have very 
different somatic effects in two different 
families.*“* At one extreme, hypertension 
or its predisposition may be hereditary in 
some such complex manner; at the other 
extreme, it may reflect the genetic make-up 
of the individual without being hereditary— 
a man may by chance draw a genetic- 
somatic pattern of such a nature that he is 
no longer able to fit his environment. What 
is one man’s healthy environment may be 
another man’s poison.''? Moschkowitz”’ 
has argued that hypertension, along with 
Graves’ disease, peptic ulcer, cardiospasm, 
manic-depressive psychosis and paranoia 
are hyperkinetic diseases arising in civiliza- 
tion. Perhaps we are finding that civilization 
is pathogenic for the normal man. 

The psychiatrist, as I have intimated, 
believes that he, too, has an interest in this 
problem, and well he may. The art of 
getting devils out of the head is an ancient 
and hodnorable one, as witness the holes in 
many prehistoric skulls. There are times 
when I am apprehensive that we are headed 
for a civil war in medicine between internal 
medicine, well established on objective 


é 


728 


observation and the experimental method, 
on the one hand, and its younger and more 
fancy-free sister sciences, psychiatry and 
psychosomatic medicine, on the other. 
Should my apprehension become a reality, 
it may come about that from the smoke and 
noise of the battle, the charges and counter- 
charges inevitably to be hurled, when the 
laity may well come to question whether 
either side knows what it is talking about, 
the urologist will emerge the hero when he 
proclaims ‘‘Well, I once had a case... 
and I took one kidney out . . . and I cured 
high blood pressure.” It is our task to 
calculate the probabilities of that happy 
event. 

First, let us consider the incidence of 
hypertension in the general population. 
(Table 1.) The criteria of hypertension and 
the conditions of blood pressure observation 
have varied so much that data from various 
clinics are not strictly comparable; more- 
over, many statistics, for example those 
collected with life insurance applications, 
may represent single observations. Un- 
fortunately, one cannot improve the accu- 
racy of inadequate statistics by multiplying 
their number and these data must be 
accepted only as approximations. 

The figures of Master et al.,’! representing 
14,849 persons, are based in part upon 
people gainfully employed, in part upon 
residents in homes for the aged and in part 
upon hospital patients; except for the ab- 
sence of data for. ages less than forty, they 
possibly represent the best cross section 
available for the population in the middle 
and later age groups. (The authors review 
the literature on this subject.) No differen- 
tiation is made between arteriosclerosis and 
essential hypertension and failure to make 
this distinction is characteristic of most of 
the available data. All investigators have 
recognized the increasing incidence of 
hypertension with advancing age, but 
Master and his colleagues emphasize the 
surprisingly high incidence in persons over 
forty years of age. The figures are, of course, 
larger if the criterion of 140/90 instead of 
150/90 is used. They estimate from popula- 
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tion statistics that one-half of the male 
population of the United States and 60 per 
cent of the female population of forty years 
of age or over are hypertensive. The data of 
Robinson and Brucer'*' cannot be presented 
in a comparable manner because of the use 


TABLE 
INCIDENCE OF HYPERTENSION IN THE GENERAL POPULATION 


| Per Cent 
| Hypertensive 
Age 
Male | | pon 
Master, Marks and Dack?"! 40-49 25.9 | 32.0 
14,849 miscellaneous persons | 50-59 40.6 | 53.4 
(150/90 mm. or over) 60-69 56.3 | 67.7 
-70-79 65.5 | 73.3 
40 and over | 40.9 | 50.7 
Robinson and Brucer!®! 
10,883 insurance policy hold- 
ers, adults only 
(140/90 mm. or more?) #§$+||~«..... 40.0 
Friedman, Moschkowitz and 
Marrus*? 3-39 10.2 
1,006 living controls. (Diastolic 
100 mm. Hg or over, or di-| 40-49 
astolic of 90 mm. and sys-| 50-59 | 
tolic 150 mm. or over.) 60-69 
70-79 
30-79 24.7 
Braasch, Walters and Hammer* | Less than 0 
975 clinic registrations 20-29 FRE Pee 2.1 
(Systolic 145 mm. or over) 3-39 
40-49 
60-69 47.4 
70 or over 
MW andover ....|.... | 25.0 
Shure!** 
947 random selections from| Under (| 21.4 10.0 | 15.6 
11,898 autopsy reports 31-40 25.5 | 3.6 | 28.1 
150/95 mm. or over or cardiac 41-50 39.8 | 40.2 | 40.0 
hypertrophy) 51-60 33.5 | 43.1 | 36.6 
over 60 43.7 | 42.1 | 43.1 
All ages 344.9 
Oppenheimer, Klemperer and 
Moschkowitz™ 
333 cases. Every 15th patient 
in series of 5,000 coming to 
(155/95 mm. or over) 
and Barker‘ 
100 control necropsies jg  ..... 
(150/90 or over and cardiac 
hypertrophy) 
Emerson and 
1,020 employed males, 21 to 
(crnteria not given) 


of independent systolic and diastolic criteria, 
but these authors state that slightly more 
than 40 per cent of the adult population is 
actually or incipiently hypertensive. 
Friedman, Moschkowitz and Marrus*’ 
give data from 1,006 consecutive patients 
admitted to the combined surgical services 
(other than genitourinary service) of the 
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Mt. Sinai Hospital, excluding patients with 
severe anemia, high fever or coronary 
occlusion. Males and females are about 
equally represented. The data of Braasch, 
Walters and Hammer” are based on 975 
consecutive patients taken at random from 
registrations at the Mayo Clinic. In both 
series the rising incidence with age is evident. 
The average figure of 25 per cent is lower 
than the 40 per cent indicated ‘by the 
previous two series, largely because of the 
inclusion of the younger age group, thirty 
to thirty-nine. 

Perhaps it is only a rhetorical question to 
ask whether or not patients requiring sur- 
gical or medical attention are representative 
of the general population. This question is 
certainly pertinent to the data of Shure,’ 
Oppenheimer, Kiemperer and Moschko- 
witz®* and Baggenstoss and Barker,‘ which 
are based upon autopsy records. These 
represent patients who came to the hospital 
mortally sick and as such are not truly 
representative of the general population. 
Iliness, and particularly fever, may actually 
have reduced the blood pressure in many 
patients. Aside from this criticism the figures 
warrant the conservative statement that the 
incidence of hypertension, quite low before 
the age of twenty, increases rapidly there- 
after until at the age of forty approximately 
25 per cent of the general population are 
hypertensive, this figure increasing to 60 per 
cent or above in elderly persons. * 

I turn now to the incidence of hyper- 
tension in patients with urologic disease, as 
shown in Table 1. For ease of discussion the 
data are arranged by urologic classification 
rather than by priority of publication. 

Rath and Russek,®? comparing merchant 
seamen with and without urologic disease 
(chiefly nephrolithiasis, ureteral lithiasis, 
hydronephrosis and prostatic hypertrophy, 


*Emerson and Irving** state that among the first 
1,020 men applying for ‘‘physical fitness service’ there 
were 120 with hypertension, the criteria for which are 
not stated. No breakdown is given by age and it may be 
that the low incidence of hypertension is attributable 
to the preponderant number of young persons; other- 
wise the data are disparate with those given by other 
observers. 
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TABLE n 
INCIDENCE OF HYPERTENSION IN PATIENTS 
WITH UROLOGIC DISEASE 
Per Cent with 
Hypertension 
With 
Uro- | Con- 
logic | trols 
Disease 
Rath and Russek®*................. (357) | (654) 
Systolic above 145 mm. with dias- 
tolic 94 mm. or below 
10 49 years. ...... 4.36 | 3.52 
50 to 89 years................. 25.78 | 32.28 
Diastolic above 95 mm 
5.24.|..5.41. 
50 to 89 years................. 17.96 | 21.75 
Sarnoff! 
70 with one or both pelves intra- 
106 with both pelves extrarenal. .| 37 
Stofer and Kline'"* 
38 with one or both pelves intra- 
38 with pelves extrarenal... .... 39.5 
Shrader, Young and Page'* 
100 pyelographic abnormalities. .| 22.0 
Braasch and Goyanna"’ 
133 nephroptosis.............. 11.8 
Ritter! 
28 urologic developmental ano- 
24 developmental anomalies, hydro- 
nephrosis or stone with or without 
infection, observed 5 to 10 years; 
blood pressure normal at first 
Campbell** 
173 prostatism................ 11.0 
Friedman, Moschkowitz and Marrus*“? 
25 hydronephrosis............. 36.0 
Braasch, Walters and Hammer*® 
372 hydronephrosis all ages... . . . 13.7 
hydronephrosis under 50 years 
577 hydronephrosis with stone. ..| 20.9 
Baggenstoss and Barker‘ 
28 hydronephrotic a ae 25.0 
Oppenheimer, Klemperer and Mosch- 
kowitz* 
66 unilateral hydronephrosis or 
pyelonephritis............... 32.0 
Abeshouse! 
4h ted.| 0.0 
16 hydronephrosis, complicated. .| 18.7 
Braasch and Wood?! 
70 perinephritis............... 4.3 
Ellis and Evans** 
Renal dwarfism.............-. Rare 
Friedman, Moschkowitz and Marrus** 
32 tuberculosis................ 15.6 


‘ 
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TABLE (Continued) 
Per Cent with 
Hypertension 
With 
Uro- | Con- 
logic | trols 
Disease 
Braasch, Walters and Hammer?® 
158 tuberculosis............... 7.6 
Crabtree and Chaset*?® 
23 tuberculosis................ 4.4 
Abeshouse! 
15 . 20.0 
Braasch, Walters and Hammer?® 
111 miscellaneous.............. 18.0 
Friedman, Moschkowitz and Marrus*? 
7 miscellaneous. ............... 0.0 
Abeshouse! 
0.0 
13 miscellaneous............... 7.6 
Oppenheimer, Klemperer and Mosch- 
kowitz*4 
18 unilateral narrowing of renal 
97 unilateral hypoplasia........ 23.0 
Baggenstoss and Barker‘ 
13 unilateral hypoplasia........ 15.3 
Braasch, Walters and Hammer?® 
164 nephrolithiasis with infection | 22.5 
52 nephrolithiasis without infec- 
Shure! 
62 nephrolithiasis.............. 53.2 
Friedman, Moschkowitz and Marrus*? 
60 neoplasms................. 28.3 
Braasch, Walters and Hammer?’..... 
137 adenocarcinomas.......... 27.7 
Crabtree and Chaset?® 
41 hypernephroma............. 14.6 
Abeshouse! 
24 neoplasms................. 12.5 
Morlock and Horton** 
240 hypernephromas, males.... . 39.2 
88 hypernephromas, females... . . 53.5 
76 males with other renal tumors.| 40.8 
48 females with other renal tumors | 54.2 
Braasch and Jacobson'® 
180 bilateral pyelonephritis. .... . 26.0 | 20.0 
Shure? 
224 bilateral pyelonephritis... .. . 47.7 
66 unilateral pyelonephritis. .... . 33.3 
Entire series of 290 patients: 
Under 30 years of age (controls). .|; 28.0 | 15.6 
31—40 years of age (controls)... . . 33.3 | 28.1 
41-50 years of age (controls)... .. 41.0 | 40.0 
51-60 years of age (controls)... . . 49.0 | 36.6 
Over 60 years of age (controls)...| 63.0 | 43.1 


no specific breakdown being given), report 
the same incidence of hypertension in 357 
men with uropathologic conditions and 654 
controls. Although the authors give a break- 
down by decades, it is sufficient to note 
that the incidence of hypertension is the 


Tasie (Continued) 


Per Cent with 
Hypertension 
With 
Uro-. | Con- 
logic | trols 
Disease 
Pearman, Thompson and Allen*’ 
500 pyelonephritis (unilateral and 
9.0 
(500 goiter without hyperthyroid- 
(500 gallbladder disease........| ..... 7.0 
Crabtree and Chaset?® 
76 unilateral pyelonephritis. .. . . . 9.2 
Abeshouse! 


9 acute unilateral pyelonephritis. .| 11.1 
9 chronic unilateral pyelonephritis | 11.1 
21 pyonephrosis............... 14.2 
Friedman, Moschkowitz and Marrus‘*? 
69 unilateral pyelonephritis. .... . 15.8 
Braasch and Jacobson'* 
119 less than 50 years of age with 
bilateral pyelonephritis. .... . . 16.8 
606 controls less than 50 years of 
61 over 50 years of age with pye- 
44.2 
369 controls over 50 years of age. .| ..... 37.9 
Braasch, Walters and Hammer*® 


70 pyelonephritis other than 


8 pyonephrotic atrophy......... 37.5 


same in both groups before and after the age 
of fifty. They state that they are unable to 
demonstrate an association between urologic 
disease and hypertension. 

Ravich® believed that the intrarenal type 
of pelvis is regularly associated with hyper- 
tension, but this has been questioned by 
Sarnoff'** whose data show a lower incidence 
(38 per cent) in seventy persons with one or 
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43 pyelonephritic atrophy. ....../ 46.5 
| 
Baggenstoss and Barker‘ | 
48 pyelonephritic atrophy.......| 39.6 | 


both pelves intrarenal than in 106 persons 
(47 per cent) with both pelves extrarenal. 
Sarnoff concludes that there is no correla- 
tion between the two conditions. Similarly, 
Stofer and Kline’ find the same incidence 
in a series of thirty-eight patients with uni- 
lateral or bilateral intrarenal pelves as in 
thirty-eight controls with extrarenal pelves, 
and again conclude that no correlation can 
be demonstrated. 

Shrader, Young and Page’ report an 
incidence of hypertension of only 22 per cent 
in one hundred subjects exhibiting obvious 
pyelographic abnormalities such as hydro- 
nephrosis, ptosis, polycystic disease, lithiasis 
and congenital anomalies, a figure which 
they consider to be not above the normal 
probability. Braasch and Goyanna"™ con- 
clude that nephroptosis is seldom if ever an 
etiologic factor, while Ritter’ concludes 
that hydronephrosis, whether or not com- 
plicated by stone or infection, does not lead 
to hypertension. In a series of twenty-four 
patients with developmental anomalies (hy- 
dronephrosis or lithiasis with or without 
infection) who were observed for five to ten 
years, the blood pressure being normal at 
the first observation, none developed hyper- 
tension in this interval although many had 
recurrent urinary infection or lithiasis. 
Campbell”* finds an incidence of 11 per cent 
of hypertension in 173 patients with pros- 
tatic hypertrophy, a figure which is hard to 
explain when the incidence of hypertension 
in unselected groups of men old enough to 
have prostatism should be 50 per cent or 
better. From the data of Friedman, Mosch- 
kowitz and Marrus,*? Braasch, Walters and 
Hammer,” Baggenstoss and Barker,‘ Op- 
penheimer, Klemperer and Moschkowitz,™ 
and Abeshouse,' hydronephrosis does not 
appear to be a predisposing cause. Braasch 
and Wood"! find an incidence of only 4.3 per 
cent in seventy cases of clinical perinephritis, 
most of the patients. being under fifty years 
of age, a figure which they state to be less 
than one-half of that in a random sample of 
controls in the same age group. Ellis and 
Evans** note that the incidence of hyper- 
tension in renal dwarfism is rare. Hyper- 
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tension had no undue frequency in renal 
tuberculosis (Friedman, Moschkowitz and 
Marrus,*? Braasch, Walters and Hammer,”* 
Crabtree and Chaset,** or Abeshouse') and 
in miscellaneous cases reported by Braasch, 
Walters and Hammer,” Friedman, Mosch- 
kowitz and Marrus‘? and Abeshouse.! 
Blackman" emphasized the high incidence 
of arteriosclerotic plaques in the renal 
arteries of a series of fifty cases of hyper- 
tension coming to necropsy, and Oppen- 
heimer, Klemperer and Moschkowitz* re- 
port that of eighteen subjects shown at 
necropsy to have unilateral narrowing of 
the renal artery, 83 per cent had hyper- 
tension; but the latter authors were led to 
the conception that hypertension of un- 
known origin had resulted in general 
arteriosclerosis and to the accidental deposi- 
tion of a plaque in a renal artery. Thirteen 
of the fifteen positive cases also showed 
arteriosclerosis of the aorta. The pathologic 
condition of the artery could not be held to 
be causal to the hypertension. These same 
investigators and Baggenstoss and Barker,‘ 
find no correlation between hypertension 
and unilateral hypoplasia. Braasch, Walters 
and Hammer” find no correlation with 
nephrolithiasis without infection; the figure 
is greater when infection is present, but still 
is not statistically significant. Shure’ 
reports 53 per cent of hypertension among 
sixty-two patients with nephrolithiasis, with- 
out commenting on the absence or presence 
of infection, but 83 per cent of Shure’s 
hypertensive patients were forty years of 
age and 40 per cent of them were over 
sixty. The figure 53 per cent is therefore in 
line with older age groups without specific 
renal pathologic disease. Renal neoplasms 
appear to cause no undue incidence of hy- 
pertension according to Friedman, Mosch- 
kowitz and Marrus,‘? Braasch, Walters and 
Hammer,” Crabtree and Chaset®® and 
Abeshouse.' Higher figures are reported by 
Morlock and Horton,’* but these writers note 
that by comparison with other renal tumors 
hypernephroma exhibits no specificity. 

Up to this point the evidence is inter- 
preted as negative by nearly all the writers 
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mentioned: that is, the incidence of hyper- 
tension in the urologic conditions enumer- 
ated is no greater than, and it frequently is 
less than, the incidence to be expected by 
chance as judged by the frequency of the 
disease in the general population without 
urologic disease. It is frequently stated that 
bilateral pyelonephritis is conducive to 
hypertension, yet the statistics do not bear 
this out. Braasch and Jacobson" report an 
incidence of 26 per cent in 180 such cases, a 
figure which is to be compared with 20 per 
cent in their control series. At one extreme 
Shure’? reports 47.7 per cent when the 
disease is bilateral, but of the hypertensive 
patients, 64 per cent were over fifty-one 
years of age and 82 per cent were over 
forty-one. Compared by decades with 
Shure’s 947 controls or with other controls, 
there is little indication of specificity. At the 
other extreme, Pearman, Thompson and 
Allen* report only 9 per cent in a series of 
500 cases with no breakdown as between 
unilateral and bilateral infection, a figure 
not only surprisingly low but no higher, as 
the authors note, than in a comparable 
series of goiter and gallbladder disease. A 
similarly low incidence in unilateral pyelo- 
nephritis is reported by Crabtree and 
Chaset,*® Abehouse! and Friedman, Mosch- 
kowitz and Marrus.‘? Crabtree and Chaset 
express the view that the pathologic and 
anatomic elements seem less important in 
this problem than an as yet unknown 
physiologic element. Braasch and Jacob- 
son'* find a greater incidence of hypertension 
in pyelonephritis than in their own control 
series, both before and after the age of 
fifty. Although they are inclined to the 
belief that chronic bilateral pyelonephritis 
exercises a definite influence on the inci- 
dence of hypertension, especially among 


patients less than fifty years of age, the 


indication falls short of proof relative to the 
other statistics. Braasch, Walters and Ham- 
mer”® and Baggenstoss and Barker‘ record 
a high incidence of hypertension in uni- 
lateral pyelonephritic atrophy and Baggen- 
stoss and Barker* in unilateral pyonephrotic 
atrophy. Both groups of workers lean to the 
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belief that a causal relationship is indicated 
by these statistics 

With these possible exceptions, namely, 
pyelonephritic and pyonephrotic atrophy, 
the above data do not indicate that urologic 
disease increases the incidence of hyper- 
tensive disease, or that in any large number 
of instances it is causally related to its 
genesis. Hines and Lander* report that 
among 264 patients with urologic disease, 
who were observed over a period of ten 
years or more (average 15.3 years), the 
incidence of hypertension either prior to or 
subsequent to the first observation was 
practically identical with a control series of 
790 patients without urologic disease. Hines 
and his co-workers have emphasized the 
hereditary aspects of hypertensive disease 
and believe that hereditary factors are 
more important than any type of renal 
involvement. 

To complete the literature on this subject, 
I turn briefly to papers dealing with the 
incidence of urologic abnormalities in other- 
wise unselected hypertensive patients. (Ta- 
ble m1.) The earlier papers of Longcope’® 
and of Weiss and Parker,''® suggesting a 
significant correlation between pyeloneph- 
ritis and hypertension, coupled with the 
rapidly expanding literature on the Gold- 
blatt experiment and Butler’s*® report of 
reduction of blood pressure by unilateral 
nephrectomy in an eight year old girl, led 
investigators to suspect that urologic disease, 
sometimes of an apparently minor nature, 
might be the origin of this obscure patho- 
logic process. 

In 1941, Schroeder and Steele’ reported 
that of 250 living patients with hyperten- 
sion, 113 or 45 per cent, showed urologic 
disease of one kind or another. On reviewing 
their evidence in 1943, however, my 
colleagues and I noted that fifty-three 
patients of these 113 positives had bilateral 
disease, eight had glomerulonephritis, seven- 
teen had bilaterally abnormal pyelograms 
and there were twenty-eight in whom 
bilateral renal disease was suspected though 
not proven, leaving only 60 of 250 or 24 per 
cent with possible, but unproved, unilateral 
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disease.''* Moreover, judgment of urologic 
fault in Schroeder and Steele’s series was 
based largely upon abnormal radiograms 
obtained by intravenous or retrograde 


TABLE 
INCIDENCE OF UROLOGIC DISEASE IN HYPERTENSION 
Per Cent with 
Urologic Disease 
Schroeder and Steele'™ 
250 hypertensives, (pyelographic). 45.0 
After selection by Smith, Goldring 
and Maher'** 
40.0 
and 
Flocks*® 
132 hypertensives (pyelographic). . 15.0 
Palmer, Chute, Crone and Castleman** 
212 hypertensives (pyelographic). . 22.0 
Sarnoff'®? 
50 hypertensives (one or both intra- 
renal pelves). 40.0 
100 normotensives (one or both in- 
trarenal pelves).............. 30.0 
Hyman and Schlossmann** 
ee no correlation with 
200 pyelograms intrarenal pelves, 
calculi or hydro- 
nephrosis 
Shrader, Young and Page'”* 
114 hypertensives (abnormal renal 
19.0 
Ratliff and Conger®* 
188 hypertensives with urinary 
symptoms (pyclographic)..... . 25.5 
340 hypertensives without 
(pyelographic)...... 9.4 


symptoms 
Ratliff, Nesbit, Plumb and Bohne™ 


Pearman, Thompson and Allien*’ 
12,000 hypertensives (500 only had 
11,500 giving no history of renal 
3.2 
Braasch** 
4,000 hypertensives (routine clinical 
examination................. 2.5 
Lisa, Eckstein and Solomon*® 
56 hypertensives................ caliber of renal 
arteries same as in 
44 controls 
Chasis and Redish*’ 
21 hypertensives................ no unilateral ano- 
mailies or unilateral 
decrease in function 


pyelography, and Chasis and Redish* have 
shown that the pyelogram is a hazardous 
basis for the diagnosis of abnormality since 
an innocuous angulation of the ureter or 
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dilatation of the pelvis can give the impres- 
sion of abnormality, although there is 
actually no obstruction of the lumen or 
functional evidence of renal impairment. 
The significance of many of the residual 
sixty cases presented by Schroeder and 
Steele’s series is therefore open to some 
doubt. Wosika, Jung and Maher" reported 
urologic abnormalities in 227 out of 568 


-necropsies of hypertensive subjects, or an 


incidence of 40 per cent, a figure to be com- 
pared with: 27.4 per cent in 611. control 
necropsies. These authors included all types 


-of unilateral and bilateral disease and their 


criterion of hypertension rested solely upon 
the systolic pressure; for these reasons the 
significance of their calculation is open to 
question. Hayes and Ashley*®’ reported 
twenty-eight out of fifty-five abnormalities 
(including meatal stenosis, urethral stricture 
and urethral angulation) or 51 per cent, but 
the alleged abnormalities were not such as 
to be associated invariably with disturbed 
renal function. 

More moderate estimates are given by 
Flocks*® who reported 20 of 132 pyelo- 
graphic abnormalities, or 15 per cent, * and 
Palmer, Chute, Crone and Castleman® who 
report 47 of 212 pyelographic abnormalities, 
or 22 per cent (unilateral in 16 per cent). 
These figures are less than the 27 per cent 
incidence reported by Wosika, Jung and 
Maher in their 611 controls. 

Sarnoff'® reports the presence of one or 
both intrarenal pelves in 40 per cent in a 
series of fifty living hypertensives, but he 
finds an incidence of 30 per cent in one 
hundred ‘controls and considers that the 
difference is not significant. Similarly, 
Hyman and Schlossman® report the inci- 
dence of intra- and extrarenal pelves in 
fifty-five autopsied patients who had hyper- 
tension. Shrader, Young and Page’ report 
the presence of pyelographic abnormalities 
in 22 out of 114 living hypertensives or 
19 per cent and note that it is practically 


* Flocks reports reduced phenolsulfonephthalein ex- 
cretion in 20 of 23 hypertensive patients but this is to be 
expected in view of the decrease in renal function 


characteristic of the disease. 


ypertensives (pyciograpnic) 8.9 
Bechgaard® 
1,038 hypertensivcs (pyelonephritis 
and urolithiasis).............. 7.7 
| 
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difficult to obtain a control series of pyelo- 
grams, because such normotensives as are 
subjected to urologic study generally have 
urologic abnormalities. They point out, 
however, that out of one hundred pyelo- 
grams exhibiting obvious abnormalities, 
only 22 per cent of the patients were 
hypertensives. 

Ratliff and Conger** found that 25.5 per 
cent of 188 hypertensive patients who 
showed urinary symptoms had pyelographic 
abnormalities, but the incidence of such ab- 
normalities was only 9.4 per cent among 340 
hypertensives without urinary symptoms. : 

Still more conservative are the data of 
Ratliff, Nesbit, Plumb and Bohne* who 
found an 8.9 per cent incidence of urologic 
disease in 2,055 hypertensives, of which 
number 1,350 were examined solely in an 
effort to determine a possible renal cause 
for hypertension; of Bechgaard,*® who found 
7.7 per cent cases of pyelonephritis and 
urolithiasis in 1,038 living hypertensives and 
of Pearman, Thompson and Allen,*’ who 
found that among 12,000 patients who had 
hypertension 500 only gave a history of renal 
disease such as to lead to intravenous 
urologic examination; of the total series only 
3 per cent had urologic disease. Admittedly, 
some urologic abnormalities may have been 
overlooked among those who did not 
receive urographic study, but such must 
have been minor affections. 

Similar statistics have been reported by 
Braasch.'® Among 4,000 hypertensive pa- 
tients he found clinical evidence of a non- 
nephritic renal lesion in approximately one 
hundred, or 2.5 per cent. Hyman and 
Schlossman* record their opinion that there 
is no correlation between intrarenal pelvis, 
calculi or hydronephrosis and hypertension, 
and Lisa, Eckstein and Solomon® found the 
caliber of the renal arteries in fifty-six con- 
secutive hypertensive cases the same as in 
forty-four controls. In only two instances 
of the fifty-six did a renal artery show 
extreme stenosis. 

Rath and Russek*? add together the 
statistics of Palmer and his co-workers, 
Ratliff and Conger, Braasch, Schroeder and 
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Steele and others and they note that of a 
total of 6,044 hypertensive patients, 10.7 per 
cent exhibit evidence of urologic disease. 
They contrast this figure to the 27.4 per cent 
incidence in normotensives reported by 
Wosika, Jung and Maher and conclude 
that the incidence of urologic disease among 
hypertensives is not greater, and possibly 
less, than among normotensive subjects. 

Lastly, Chasis and Redish,* in clearance 
studies of twenty-one hypertensive subjects 
selected at random, demonstrated that renal 
functional impairment proceeds to an equal 
degree or at a parallel rate in both kidneys, a 
circumstance to be expected if renal injury 
is a result of the hypertensive process, but 
not if renal pathologic disease is primary. 
This evidence has always seemed to me to be 
the most convincing demonstration that 
in the majority of instances the kidneys are 
the victim and not the culprit in this 
disease. 

To conclude on the basis of the above 
data that perhaps as many as 10 per cent of 
hypertensive patients have demonstrable 
urologic abnormalities of such a nature as 
to lead to functional impairment (and the 
figure 10 per cent seems generous in view 
of the data of Ratliff, Bechgaard, Pearman, 
Braasch and their co-workers), is no warrant 
for inferring that in these 10 per cent the 
urologic disease is responsible for the hyper- 
tension. The probability of coincidence is 
very great. At the present time the only way 
a causal relationship can be demonstrated 
in any particular case is by curing the 
hypertension by removing the offending 
organ. When my colleagues and I reviewed 
this question four years ago we found that of 
seventy-six instances of unilateral nephrec- 
tomy reported in the literature there were 
only seven that fulfilled our critéria for a 
lasting and significant reduction in blood 
pressure by the removal of the diseased 
kidney.''* About six months later Sensen- 
bach’ published a review which had been 
prepared without knowledge of our paper. 
He covered nearly the same literature and 
concluded that out of a total of seventy-five 
cases only five fulfilled his criteria for 
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TABLE Iv 


SUMMARY OF UNILATERAL NEPHRECTOMIES IN HYPERTENSIVE DISEASE 


Effects on Blood Pressure 
Reduced to 
No Reduced, | Normal 
Significant | But Not to | Observati One Y 
Reduction | Normal | Less Than “vai 
One Year | ™ 
Klemperer and Moschkowitz™............... - 1 
Howard, Forbes and (1)* 
Palmer, Chute, Crone, Castleman®™........................ 8 1 
Patch, Rhea and Codnere™*. ... 1 
De Takats, Heyer and Keeton™.......... 1 1§ 1 
Friedman, Moschkowitz and 26 “a 2 
Friedman, Meyer, Selzer, Kreutzmann and Sampson“...... . 2 3 
Jeck, Hotchkiss and Geary®™. 1 
(Table IV concluded on p. 736) 
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significant and lasting reduction of blood 
pressure. Both Sensenbach and ourselves 
required that the blood pressure be lowered 
to or below 140/90; we required that it 
remain within normal limits for at least one 
year, while Sensenbach required two years. 
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reduction in blood pressure, cases in which 
the pressure was reduced but not to normal, 
cases in which the pressure was reduced to 
normal but the observation period was for 
less than one year and cases in which the 
blood pressure was reduced to normal for 


TABLE 1v.—Continued 


Author 


Ratliff, Nesbit and Plumb and Bohne™||............... 


| 


© 


Effects on Blood Pressure 
Reduced 
No Reduced, | to Normal, ne se 
Significant | But Not to | Observation One Year 
Reduction Normal Less Than M 
One Year ania 
2 
26 8 15 
1 
1 
1 
10 1 
135 43 17 47 


* Bilateral lumbar sympathectomy, probably chronic diffuse glomerulonephritis. 


t Includes five questionably hypertensive individuals. 


t One incomplete observation. 
§ Inadequately reported. 


|| Details on the patients reported by Ratliff et al. are given by Nesbit (Brooklyn Hosp. 7., 5: 5, 1947). The 
writer has excluded by definition two cases (M. S and R. K.) which these authors considered successful. 

Since preparation of this manuscript, the writer has seen the papers of Langley and Platt (Langley, G. J. and 
Platt, R. Quart. 7. Med., 16: 143, 1947) who report a successful result in an eight year old child with congenital hypo- 
plastic kidney, and he has received by personal communication from Dr. Edwin J. Drew of New York Hospital the 
report of a successful operation in the case of an eight year old girl with a pyelonephritic kidney. 

Wattenberg (Ann. Int. Med., 25: 734, 1946) reports what we consider a doubtful case, Petch (Brit. Med. 7., 
4527: 547, 1947) reports one negative case, and Langley and Platt report ten negative cases. These data are included 


in Tables tv, v and v1. 


Movin, Ohlsen and Pedersen”® cite four cases in Danish literature not immediately available to the writer. 


Since that time this literature has expanded 
and, although several articles contain ex- 
cellent reviews, it is profitable to bring this 
topic up to date. * 

In Table tv are listed the results of 242 
operations recorded? under Sensenbach’s 
four categories: cases which have shown no 


* Kreutzmann® records that he has reviewed every 
case published up to 1946, and found fifty-four patients 
in whom the pressure was reduced to below 150/90 for 
one year or longer. It must be noted, however, that he 
considers the two subjects reported by him as positive 
whereas we consider them as negative since the blood 

remained at 156/94 and 170/100 respectively. 

t Movin, Ohlsen and Pedersen’® cite four additional 
cases in Danish literature not immediately available to 
the writer. 


one year or longer. This last group con- 
stitutes what we may call “‘cures” of renal 
hypertension effected by unilateral nephrec- 
tomy. There are now on record reasonably 
well documented accounts of forty-seven 
such successful cases. Since in reviewing this 
literature I have made a selection accord- 
ing to certain specified criteria, I have been 
unable to include several to which only 
general reference is made. The operation 
appears to have been successful 19 per cent 
of the time. 

In Table v these forty-seven successful 
operations are listed, and Table vi gives a 
summary of pathology. Braasch and his 
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TABLE V 
RENAL PATHOLOGY IN CASES IN WHICH UNILATERAL NEPHRECTOMY HAS BEEN SUCCESSFUL IN REDUC- 
ING BLOOD PRESSURE 


* See Footnote || at end of Table tv. 
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Author Pathology 
Butler™®. «| Caloulus-pyelonephritis 8 | 
Barney, Dellinger and Suby*............................| Pyelonephritis 10 | 
Burkland™. . Ectopic kidney with arterial occlusion 514 
Friedman, Moschkowitz and Marrus*....................| Tuberculosis ? 
Pyelonephritis ? 
Wilson and Chamberlain'”.............................{| Pyelonephritis 12 
McMartin and McCurdy”*..............................| Pyelonephritis 39 
White, Durkee and Mirable**...........................| Hydronephrosis 39 
Dean and Abels... | Radiation sclerosis 28 
Mosenthal’®. Atrophic kidney with ureteral occlusion | 37 
Movin, Ohlsen and Pedersen’®...........................| Pyelonephritis | 6 
Sensenbach'™. ce Ureteral occlusion 41 
Kennedy, Barker and Walters... .......................| Pyelonephritis | 7 
Infarct 20 
| Pyelonephritis 37 
Langley and Congenital hypoplasia 8 
Pyelonephritis 49 
Pyelonephritis 
Pyelonephritis | 42 
Hypernephroma | 56 
Pyonephrosis | 13 
Pyonephrosis 
Tuberculosis 
Pyonephrosis 51 
Pyelonephritis 41 
Hydronephrosis 30 
Hydronephrosis 24 
Hydronephrosis 20 
Pyonephrosis 50 
Pyelonephritis 49 
| Total 47 cases 
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colleagues have expressed the opinion that 
among those rare cases suitable for opera- 
tion the best results are to be expected in 
‘unilateral, atrophic pyelonephritis. 

In Table vn these operations are listed 
by age. Although seventeen successes are 


TABLE VI 
PATHOLOGY IN SUCCESSFUL UNILATERAL NEPHRECTOMY 
No. of Cases 

Pyelonephritis..................... 22 
Hydronephrosis................... 5 
Hypernephroma................... 3 
Arterial occlusion.................. 1 
Hematogenous cyst................ 1 
Ureteral occlusion................. 2 
2 
Congenital hypoplasia.............. 3 
Radiation sclerosis................. 1 


reported in persons under twenty years of 


age, twenty-four were in their fourth or 


later decade. The rise in the percentage of 


successes from 9 per cent four years ago to 
19 per cent as of this date may merely 
reflect the fact that as more nephrectomies 


have been performed, better selection of 


patients has been made. On the other hand, 
the fact that unilateral nephrectomy is 
successful in reducing blood pressure in only 
20 per cent and probably fewer of the 
instances in which it has been tried, is 
certainly poor proof of any hypothesis. The 
fact that the hypothesis works only 20 per 


TABLE vit 
AGE IN SUCCESSFUL UNILATERAL NEPHRECTOMY 
Age in Years No. of Cases 

6 
6 
1 
47 


cent of the time, combined with the 
astonishing paucity of hypertension in the 
quoted data on intrarenal pelves, hydro- 
nephrosis, tuberculosis and even bilateral 
pyelonephritis, leaves a lingering doubt that 
even these forty-seven apparent successes 
may be fortuitous and failing of demonstra- 
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tion that the urologic disease was actually 
the cause of hypertension. As Braasch has 
suggested in the case of pyelonephritis, renal 
disease may not produce hypertension in an 
otherwise normal person, but it may serve 
as an irritant, somatically and psychically, 
to bring out latent hypertension or cause 
exacerbation of an otherwise mild process. 

However, as the evidence stands, we are, 
I think, obliged tentatively to accept these 
forty-seven patients as “cured.” But it would 
be a most valuable contribution to this 
problem if those who have reported reduc- 
tion of blood pressure by nephrectomy 
would report, at some date in the near 
future and perhaps for publication in a 
single issue of an appropriate journal, 
follow-up studies on all these patients. __ 

In considering the future of this problem, 
it is worthwhile to state again our require- 
ments for ‘“‘successful’”’ unilateral nephrec- 
tomy. It must first be demonstrated that the 
patient is truly hypertensive and not simply 
showing a transiently elevated blood pres- 
sure. Second, elevated blood pressure is so 
labile and so frequently reduced by bed rest 
or non-specific therapy that little signifi- 
cance can be attached to partial reduction. 
It is required that the blood pressure be 
reduced to normal range, i.e., to or below 
140/90 and that it remain at this range long 
enough to exclude non-specific effects. 
Abeshouse' and Goldring, Chasis and my- 
self''® required one year, while Braasch"® 
and Sensenbach'™ have recommended two 
years. Perhaps the longer period is the 
wisest if we are to be certain that we have 
the disease. 

Braasch"® estimates that urologic disease 
is present in no more than 2.5 per cent of 
hypertensive subjects and that in only one- 
fifth of these does it present surgical poten- 
tialities. This is at best one in 200 persons 
with hypertension. By rough calculation this 
would indicate there may be 30,000 persons 
in the United States who might be aided by 
unilateral nephrectomy. This is far from 
therapeutic nihilism and while the internist 
and psychiatrist settle their differences on 
the genesis of essential hypertension, the 
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urologist should search diligently for his 
potential victories. 
3 But it cannot be emphasized too strongly 
that, except in rare and well studied in- 
stances, the advisability of nephrectomy 
must rest upon conservative and recognized 
surgical indications and not upon the hope 
of reducing blood pressure. In many in- 
stances we may expect bilateral renal 
disease (glomerulonephritis, pyelonephritis, 
etc.) to be present and it is to be especially 
noted that hypertensive disease itself is 
accompanied by a slow, progressive and 
bilateral destruction of the renal paren- 
chyma,‘’** a very important point that is 
generally overlooked in this problem. To 
remove one kidney which is supplying 
perhaps 30 to 40 per cent of the total func- 
tional renal tissue available to the patient 
may well shorten his life. With Sensen- 
bach!” we emphasize that before removal 
the diseased kidney should be shown to be 
essentially functionless ‘and the other kidney 
free of any evidence of disease. 

Even under these conditions there is no 
certainty of success. May I cite a single 
instance in which detailed data are avail- 


able. Weiss and Chasis'"* report the results. 


of unilateral nephrectomy in a woman of 
thirty-four with hypertension of perhaps no 
more than one and one-half years’ duration. 
Unilateral examination by the clearance 
methods revealed that the left kidney had 
negligible glomerular and tubular function, 
whereas the right kidney showed no evi- 
dence of renal disease by the best available 
methods; on the contrary it was hyper- 
trophic and showed supernormal function 
in respect to filtration rate, tubular function 
and blood flow. The left kidney was re- 
moved and proved to be an atrophic 
pyelonephritic kidney weighing 33 Gm. 
Two months after operation the right 
kidney was examined again and continued 
to show supernormal function in respect to 
filtration rate, blood flow and _ tubular 
function. It was practically the equivalent 
of two normal kidneys. By all criteria this 
patient was an ideal selection for operation 
and yet the operation failed to affect her 
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blood pressure in any way. This example 
illustrates that it is impossible to know in 
advance whether the operation will or will 
not be a “‘success.”” The best that can be said 


_is that the operation apparently did her no 


harm, for the kidney that was removed was 
functionless, while the remaining kidney 
was good for the work of two. But in how 
many cases of nephrectomy are these condi- 
tions met? Trousseau’s admonition to use 
the new remedy while it still has the power 
to heal seems to have found its target in this 
field. Enthusiasm for nephrectomy appears 
to be on the wane. I regret that from the 
enthusiastic phase I have been able to cite 
only forty-seven cases of the “cure” of 
hypertension by nephrectomy, and that 
Braasch’s estimate, which is perhaps opti- 
mistic, indicates that there are only 30,000 
possible candidates for surgical treatment 
in the entire United States. This figure is a 
trifling one in comparison with the 15,000,- 
000 adults (i.e., those above twenty-five 
years of age) who are estimated to have 
hypertensive disease. A short time ago my 
colleagues and I calculated from data 
supplied by the Bureau of the Census that 
about 1,000,000 persons above the age of 
forty-five die in this country every year; of 
this number approximately 450,000, or one 
out of every two, die of one or another 
sequela of cardiovascular-renal disease, 
nearly five times as many as die of cancer. 
A large fraction of cardiovascular-renal 
disease is hypertensive in origin, presenting 
us with what is perhaps medicine’s major 
problem. But if we bring to bear upon this 
small sector of the battle (unilateral renal 
hypertension) all the attention and acuity 
at our command, always adhering to the 
surgeon’s ideals of never to risk shortening 
a patient’s life and never to operate in vain, 
we may not only multiply this modest 
number of successes but we may help to 
pave the way to a better understanding of 
the disease itself. 7 


SUMMARY 


The cause of essential hypertension re- 
mains unknown. Despite the large amount 


‘ 
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of experimental knowledge available from 
the Goldblatt experiment, it is not yet 
demonstrated that the human disease has 
its origin in either pathologic or functional 
disturbances of the renal circulation. The 
data can be interpreted equally well in 
terms of a generalized and perhaps com- 
plex pathologic process which, by arteriolar 
sclerosis and possibly other mechanisms, 
attacks the renal parenchyma along with 
other organs. Although sympathectomy 
lowers the blood pressure in some instances, 
it is not yet demonstrated that it changes 
the temporal progress of the disease. 

Pathologically elevated blood pressure is 
well known to be labile in many persons and 
susceptible to reduction spontaneously and 
by prolonged bed rest, psychotherapy 
and many non-specific agents which have 
in common only the “‘enthusiastic treatment 
of a worried patient.” Blood pressure is an 
unreliable guide to the presence or severity 
of the disease and more reliable criteria are 
needed. 

Statistical data on blood pressure among 
the general population indicate that the 
incidence of essential hypertension, quite 
low before the age of twenty, increases 
rapidly thereafter until at the age of forty 
approximately 25 per cent of the general 
population are affected, this figure in- 
creasing to 60 per cent or more in elderly 
persons. 

There is no convincing evidence that 
this already high incidence of hypertension 
is increased by urologic disease (nephro- 
lithiasis, hydronephrosis, prostatic hy- 
pertrophy, intrarenal pelvis, nephroptosis, 
perinephritis, congenital aplasia, pyelo- 
nephritis), or, conversely, that the incidence 
of urologic disease is any greater among 
hypertensives than among normotensives. 

At present the only way a causal relation- 
ship between urologic disease and hyperten- 
sion can be demonstrated in any particular 
patient is by “curing” the hypertension by 
removing the offending organ. Because of 
the lability of pathologically elevated blood 
pressure, rigid criteria must be observed: 
i.e., clear demonstration of pre-existing 
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hypertension, clear demonstration of reduc- 
tion of blood pressure to normal levels 
(140/90 or below) and clear demonstration 
of persistence of pressure at this level for 
one year or longer. Review of the literature 
on unilateral nephrectomy reveals that 
these criteria have apparently been fulfilled 
in only forty-seven instances out of 242 
reported operations. 

These forty-seven instances indicate that 
unilateral renal pathology may be a cause 
of hypertension in rare instances but the 
very rarity of success (19 per cent), coupled 
with the evidence that the bulk of urologic 
disease does not cause hypertension, still 
leaves a reasonable doubt about the 
hypothesis. 

The advisability of nephrectomy must 
rest upon conservative and recognized 
surgical indications, and not upon the hope 
of reducing blood pressure. If bilateral 
disease is present, and it usually is present 
in advanced hypertension, as a result of the 
hypertensive process itself, nephrectomy 
may shorten life by removing an important 
fraction of total available renal function. 


REFERENCES 


1. ApesHouse, B. S. Hypertension and unilateral 
renal disease. Surgery, 9: 942, 1941. 

2. Ayman, D. An evaluation of therapeutic results in 
essential hypertension. 1. The in tion of 
symptomatic relief. 7. A. M. A., 95: 246, 1930. 

3. Ayman, D. Present day treatment of essential hyper- 
tension. M. Clin. North America, 28: 1141, 1944. 

4. Baccenstoss, A. H. and Barker, N. W. Unilateral 
renal atrophy associated with hypertension. Arch. 
Path., 32: 966, 1941. 

5. BARKER, N. W. and Watters, W. Hypertension 
and chronic atrophic pyelonephritis. 7. A. M. A., 
115: 912, 1940. 

6. Barney, De.uincer, J. and Susy, H. I. Unilateral 
renal disease with arterial hypertension. New 
England J. Med., 220: 744, 1939. 

7. Bartens, E. C. and Leapserter, W. F. Hyper- 
tension associated with unilateral non-infected 
hydronephrosis treated by nephrectomy. Lahey 
Clin. Bull., 1: 17, 1940. 


Scandinav., Suppl. 172, 1946. 

9. Benjamin, B. and Ratner, M. Hypertension asso- 
ciated with unilateral chronic atrophic pyelo- 
nephritis: occurrence in a child in whom no 
decrease of blood pressure followed 
Am. 7. Dis. Child., 61: 1051, 1941. 

10. Besson, J. H. Hypertensive disease in unilateral 


AMERICAN JOURNAL OF MEDICINE 


= 
8. BecHGAarp, P. Arterial hypertension. A follow-up 
study of one thousand hypertonics. Acta med. 


21. 


. Braascn, W. F. The 


Hypertension and Urologic Disease—Smith 


33. 


kidney pathology relieved by nephrectomy. 
Northwest Med., 43: 73, 1944. 

Biackman, S. S., Jr. Arteriosclerosis and partial 
obstruction of the main renal arteries in associa- 
tion with “essential” hypertension in man. Bull. 

Johns Hopkins Hosp., 65: 353, 1939. 


. Bratt, E. and Pace, I. H. Hypertension and con- 


striction of the renal arteries in man: report of a 
case. Ann. Int. Med., 12: 1690, 1939. 


. Borne, A. E. Pyelonephritis in children and adults 


with hypertension. 7. Urol. 42: 969, 1939. 


. Boyp, Hotes, C. and Lewis, L. G. Nephrectomy 


for arterial h 
J. Urol., 39: 627, 1938. 


. Preliminary report. 


. Braascu, W. F. Renal disease as a factor in hyper- 


tension. Am. 7. Surg., 56: 209, 1942. 


surgical kidney as an ctio- 


logical factor in hypertension. Canad. M. A. 7., 
46: 9, 1942. 


. Braascu, W. F. and Goyanna, R. Hypertension 


and its relation to nephroptosis. 7. Urol., 53: 1, 
1945. 


. Braascn, W. F. and Jacosson, C. E. Chronic 


bilateral pyelonephritis and hypertension. 7. 
Urol., 44: 571, 1940. 


. Braascn, W. F. and Strom, G. W. Renal trauma 


and its relation to hypertension. 7. Urol., 50: 543, 
1943. 


. Braascn, W. F., Waters, W. and Hammer, H. J. 


Hypertension and the surgical kidney. 7. A. M 
A., 115: 1837, 1940. 
BraascH, W. F. and Woop, W. W. Jr. Clinical 
i itis and its effect on blood pressure. 
J. Urol., 48: 343, 1942. 


22. BRauN-MENENDEZ, E., Fascio.o, J. C., Lezom, 


31. 


32. 


. Butrer, A. M. Chronic 


. Crastreg, E. 


L. F., Munoz, J. M. and Taguim, A. C. Trans- 


lated by L. Dexter. Renal Hypertension. Spring- 
field, Ill., 1946. Charles C. Thomas. 


. Bumpus, H. C. Jr. A case of renal hypertension. 7. 
24. 


Urol., 52: 295, 1944. 
BurRKLanp, C. E. t cure of hypertension by 
nephrectomy. 7. Urol., 46: 638, 1941. 
pyelonephritis and arterial 
hypertension. Jj. Clin. Investigation, 16: 889,1937. 


E. W. The significance of hypertension 


in prostatics with chronic urinary retention. 7. 
Urol., 45: 70, 1941. 


. Cnasis, H. and Repu, J. Effective renal blood flow 


in the separate kidneys of subjects with essential 
hypertension. 7. Clin. Investigation, 20: 655, 1941. 


. Cuasis, H. and Repisn, J. Function of the separate 


kidneys in hypertensive subjects. Arch. Int. Med., 
70: 738, 1942. 


. Crasraze, E. G. Pyelonephritis injuries to the 


and their relation -to hypertension. /7. 
Urol., 44: 125, 1940. 
G. and Cnaset, N. Vascular ne- 
phritis and hypertension. 7. A. M. A., 115: 1842, 
1940. 


Crastreg, E. G. and Prien, E. L. The nature of 
renal injury in acute and chronic colon bacillus 
pyelonephritis in relation to hypertension: A 
combined clinical and pathological study. 7. 
Urol., 42: 982, 1939. 

Crospiz, A. H. and Fiscumann, J. Hypertension 
a 57: 220, 
1947. 


AMERICAN JOURNAL OF MEDICINE 


35. 


41. 


. EVERETT, 


. FarReE.L, J. I 


. Fisnperc, A. M. H 


741 


Dean, A. L. and Asezs, J. C. Study of the newer 
renal function tests of an unusual case of hyper- 
tension f irradiation of one kidney and 
the relief of the patient by nephrectomy. 7. Urol., 
52: 497, 1944. 


. De Takats, G., Hever, H. E. and Keeton, R. W. 


The surgical approach to hypertension. 7. 4. M. 
A., 118: 501, 1942. 

Exus, A. and Evans, H. Renal dwarfism: a report 
of 20 cases with special reference to its association 
with certain dilatations of the urinary tract. 
Quart. 7. Med., 2: 231, 1933. 


. Emerson, W. R. P. and Irvine, J. G. Hypertension 


and health diagnosis: a study of one hundred 
cases. 7. A. M. A., 111: 1174, 1938. 

H. S. H in unilateral and 
renal og tet Urol. & Cutan. Rev., 44: 557, 1940. 
. and Younc, R. H. Hypertension 
caused by unilateral renal compression. 7. A. M. 
A., 118: 711, 1942. 

due to renal em- 
bolism. 7. A. M. A., 119: 551, 1942. 


. Frocks, R. H. Clinical studies on the relationship 


between renal disease renal function and arterial 
blood . J. Urol., 47: 602, 1942. 

Freeman, G. and Hart.ey, G. Jr. Hypertension 
in a patient with a solitary ischemic kidney. 
j. A. M. A., 111: 1159, 1938. 


42. FriepMan, B., L. and Markus, J. 


43. 


45. 


47. 


53. 


Unilateral renal disease and renal vascular 
changes in relation to hypertension’ in man. 7. 
Urol., 48: 5, 1942. 

Fri—EDMAN, Meyer, Sezer, A., KREUTZMANN, H. 
and Sampson, J. J. The changes in the blood 
pressure and in the renal blood flow and glo- 
merular filtration rate of hypertensive patients 
following unilateral . J. Clin. In- 

vestigation, 21: 19, 1942. 


. Gates, R. R. Human Genetics. New York, 1946. 


The MacMillan Co. 
Gipson, T. E. H and the surgical 
kidney. California @G West. ath, 56: 66, 


1942. 


Physiol. Rev., 27: 120, 1947. 

Go.princ, W. and Cuasis, H. Hypertension and 
Hypertensive Disease. New York, 1944. Com- 
monwealth Fund. 


. Gotprinc, W., Cuasis, H., Rances, H. A. and 


Ssarn, H. W. Effective renal blood flow in sub- 
jects with essential hypertension. 7. Clin. Investi- 
gation, 20: 637, 1941. 


. Gotprinc, W. and others. Experimental hyper- 


tension. Publication of the New York Acad. Sc., 3: 
1, 1946. 


. Hammerstrom, S. Arterial hypertension. Acta med. 


Scandinav., Suppl. 192, 1947. 


. Hayes, B. A. and AsHuey, J. D. 


influencing hypertension. 7. 50: 366, 


1943. 


. Hicsez, D. R. Congenital renal hypoplasia asso- 


ciated with hypertension; report of two cases. 
J. Urol., 51: 466, 1944. 

Hings, E. A. Jr. and Lanner, H. H. Factors con- 
tributing to the development of hypertension in 
patients suffering from renal disease. 7. A. M. A., 
116: 1050, 1941. 


= | 
| 
| 
34 
12 
14 
36 
15 | 
37 | 
| 6 | 
| 
40 
1 = 
20 
4 4 
25 
46 
26 
= 
27 
28 
4S 
50 
30 
51 
7 
2 


742 


54. 
55. 
56. 
57. 
58. 
59. 


60. 


61. 
62. 


63. 


65. 


70. 
71. 
72. 
73. 
74, 


75. 
76. 


HorrmMan, B. J. Renal ischemia produced by 

aneurysm of abdominal aorta. 7. 4. M. A., 120: 
1028, 1942. 

Horton, B. T. The relationship of hypertension to 
renal Proc. Staff Meet., Mayo Clinic, 
15: 472, 1940. 

Hotcnkiss, R. S. and Gitcrain. Personal com- 
munication. 

Howarp, T. L., Fores, R. P. and Lipscoms, W. R. 
Aneurysm of the left renal artery in a child five 
years old with persistent hypertension. 7. Urol, 
44: 808, 1940. 

Hyman, A. and ScuH.iossman, N. C. The etiologic 
role of the intrarenal pelvis in hypertension. 7. 
Urol., 48: 1, 1942. 

Jaconson, E. The influence of relaxation upon the 
blood pressure in “essential hypertension.” 
Federation Proc., 135, 1947. 

Jecx, H. S., Horcuxiss, R. S. and Geary. Personal 
communication. 

Kann, J. R. and Larrpry, T. C. Frequency of 
bilateral renal disease in persistent hypertension. 
Am. 7. M. Sc., 203: 807, 1942. 

Kapernick, J. S. The blood pressure in essential 
hypertension: Effect of several reputedly hypo- 
tensive drugs. Am. Heart 7., 26: 610, 1943. 

KeEnnepDy, R. L. J., BARKER, M. W. and WaLTERs, 
W. Malignant hypertension: cure following 
nephrectomy: follow-up report of the case of a 
child. Am. 7. Dis. Child., 69: 160, 1945. 


. Kerr, W. J. Cited in discussion of Oppenheimer 


et al.*4 

KittrepceE, W. E. and Brown, H. G. The present 
status of unilateral renal hypertension. 7. Urol, 
55: 213, 1946. 


. Kreutzman, H. A. R. Hypertension associated with 


solitary renal cyst: report of two cases. 7. Urol., 
57, 467, 1947. 


. Lerper, E. J. R. Hypertension associated with uni- 


lateral renal lesion. Lancet, 247: 439, 1944. 


: Lerrer, L. Unusual hypertensive renal disease. 1. 


Occlusion of renal arteries (Goldblatt hyper- 
tension). 7. A. M. A., 111: 507, 1938. 


. Lisa, J. R., Eckstein, D. and Sotomon, C. Rela- 


tionship between arteriosclerosis of the renal 
artery and hypertension. Am. 7. M. Sc., 205: 701, 
1943. 

Lonccore, W. T. Chronic bilateral pyelonephritis: 
Its origin and its association with hypertension. 
Ann. Int. Med., 11: 149, 1937. 

Master, A. M., Marks, H. H. and Dac, S. 
Hypertension in people over forty. 7. A. M. A., 
121: 1251, 1943. 

McCann, W. S. Chronic pyelonephritis: a cause of 
hypertension and renal insufficiency. New York 
State 7. Med., 40: 400, 1940. 

McCann, W. S. and Romansxy, M. J. Orthostatic 
hypertension. The effect of nephroptosis on the 
renal blood flow. 7. A. M. A., 115: 573, 1940. 

McIntyre, D. W. Unilateral chronic ‘pyelone- 
phritis with arterial hypertension. Apparent cure 
after nephrectomy. 7. Urol., 41: 900, 1939. 

McMaarti, W. J. and McCuroy, T. The kidney 
in hypertension. J. Urol., 49: 524, 1943. 

Mor tock, C. G. and Horton, B. T. Variations in 
systolic blood in renal tumor: a study of 
491 cases. Am. 7. M. Sc., 191: 647, 1936. 


78. 


79. 


80. 
81. 


82. 


83. 


85. 


87. 


89. 


91. 


92. 


93. 


95. 


. Perry, C. B. Malignant hypertension 


Hypertension and Urologic Disease—Smuith 


77. 


Moscukowlrz, E. The hyperkinetic diseases. Am. 
J. M. Sc., 206: 576, 1943. 

MOosENTHAL, H. O. Development of hypertension 
associated with lesions of the kidney. Am. 7. M. 
Se., 208: 210, 1944. 


ypertension—nephrectomy. Acta med. 

Scandinav., 119: 439, 1944. 

MULHOLLAND, S. W. Hypertension’s challenge to 
urology. 7. Urol., 42: 957, 1939. 

MULHOLLAND, S. Ww. Hypertension—the problem, 
the study, the future. Bull. New York Acad. Med., 
16: 244, 1940. 

NEsBIT, R. M. and Ratuirr, R. K. Hypertension 
associated with unilateral renal disease. 7. A. M 
A., 116: 194, 1941. 

One, L. and Munoz, D. Hippertensién y afec- 
ciones renales unilaterales: a propdsito de un caso 
de hipertensi6n curada con la iédn de un 
rinén pionefrético. Rev. méd. latino-am., 26: 1073. 
1941. 


. Oppenneimer, B. S., Kiemperer, P. and Moscu- 


Kowltz, L. Evidence for the Goldblatt mecha- 
nism of hypertension in human pathology. 77. A. 
Am. Phys., 1939, 54: 69, 1939. 

Patmer, R. S., Cuute, R., Crone, N. L. and 
CasTLemMaN, B. The renal factor in continued 
arterial hypertension not due to glomerulo- 
nephritis, as revealed by intravenous pyclog- 
raphy: a study of 212 cases, with a report of the 
result of y in nine cases. New England 
J. Med., 223: 165, 1940. 


. Patcn, F. S., Ruea, L. J. and Copnere, J. T. 


Hypertension in a girl of 12, associated with uni- 
lateral chronic atrophic pyelonephritis; treated 
by nephrectomy. Canad. M. A. 7., 43: 419, 1940. 
PEARMAN, R. O., THompson, G. J. and ALLEN, 
E. V. Urographic evidence of renal lesions in a 
series of — suffering from essential hyper- 
tension. Proc. Staff Meet., Mayo Clinic, 15: 467, 


1940. 

cured by 
unilateral nephrectomy. Brit. Heart 7., 7: 139, 
1945. 

PreirFer, J. B. and Ripcey, H. S. Measurement of 
renal blood flow and glomerular filtration during 
variations in blood pressure related to changes in 
emotional state and life situation. Program, Am. 
Soc. Clin. Investigation, 1947. 


. Powers, J. H. and Murray, M. F. Juvenile hyper- 


tension associated with unilateral lesions of the 
upper urinary tract. 7. A. M. A., 118: 600, 1942. 

PrinzmMeTaL, M., Hiatt, N. and TRAGERMAN, 
L. J. H ion in a patient with bilateral 
renal infarction. 7. A. M. A., 118: 44, 1942. 

Rath, M. M. and Russex, H. I. Urologic Disease 
as a cause of hypertension. Am. Heart 7., 29: 516, 
1945. 

Ratuirr, R. K. and Concer, K. B. The incidence 
of renal h ion and of cure by nephrec- 
tomy. 7. Urol., 48: 136, 1942. 


. Raturr, R. K., Nessrr, R. M., Plums, R. T. and 


Bonne, W. Nephrectomy for h with 
unilateral kidney disease. 7. A. M. A., 133: 296, 
1947, 

Ravicn, A. H : a new Clinical concept of 
its etiology. 7. Urol., 46: 641, 1941. 


AMERICAN JOURNAL OF MEDICINE 


Mi Movin, R., Ontsen, A. S. and Pepersen, A. M. 
= 86 
66 
67 
90 
94 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


Hypertension and Urologic Disease—Smith 


. Ricnarpson, G. O. Atherosclerosis of the main 


renal arteries in essential hypertension. 7. Path. @ 
Bact., 55: 33, 1943. 


. Ricuarpson, G. O. and Smart, G. A. Nephrec- 


tomy in unilateral renal disease with hyper- 
tension. Lancet, 241: 594, 1941. 


. Ricos, T. F. and Satrertuwarrte, R. W. Unilateral 


kidney with partial occlusion of the renal artery 
associated with hypertension: case report. 7. 
Urol., 45: 513, 1941. 


. Risxinp, L. A. and Greene, H. H. Renal torsion 


with ischemia causing 
119: 1016, 1942. 


hypertension. 7. A. M. A., 


. Ritter, W. L. Relationship between various types 


of kidney disease and hypertension. Indiana State 
M. A. J., 33: 620, 1940. 


. Rosinson, S. C. and Brucer, M. Range of normal 


blood pressure: a statistical and clinical study of 
11,383 persons. Arch. Int. Med., 64: 409, 1939. 
Sapuir, O. and BALLinceR, J. Hypertension (Gold- 


blatt) and unilateral malignant nephrosclerosis. 
Arch. Int. Med., 66: 541, 1940. 


. SARNOFF, S. J. The incidence of intrarenal kidney 


pelvis in essential hypertension. 7. Urol., 47: 769, 
1942, 

Scnroeper, H. A. and Fisn, G. W. Studies on 
“essential” hypertension. m. The effect of 
nephrectomy upon h associated with 
organic renal disease. Am. 7. M. Sc., 199: 601, 
1940. 

Scnroeper, H. A. and StTez.e, J. M. Studies on 
“essential”? hypertension. mn. The association of 
hypertension with renal disease. Arch. 
Int. Med., 68: 261, 1941. 

Semans, J. H. Nephrectomy for hypertension in a 
244 year old child with t cure for 3 
years. Bull. Johns Hopkins Hosp., 75: 184, 1944. 

SENsENBACH, W. Effects of unilateral nephrectomy 
in treatment of hypertension. Arch. Int. Med., 73: 
123, 1944. 

SuHraper, J. C., Younc, J. M. and Pace, I. H. 
Pyelograms in patients with essential and 
malignant hypertension. Am. 7. M. Sc., 205: 505, 
1943. 

Suureg, N. M. Pyelonephritis and hypertension: a 
study of their relation in 11,898 necropsies. Arch. 
Int. Med., 70: 284, 1942. 

Smita, H. W. The physiology of the renal circula- 
tion. Harvey Lectures, 35: 166, 1939-40. 


AMERICAN JOURNAL OF MEDICINE 


111. 


112. 
113. 


114. 


115. 


116. 
117. 


118. 


119. 


120. 


121. 


743 


Smirn, H. W. Lectures on the Kidney. (Porter- 
Welch Lectures) Lawrence, Kansas, 1943. Uni- 
versity Extension Division, University of Kansas. 

Smrrn, H. W. Plato and Clementine. Bull. New 
York Acad. Med., 23: 352, 1947. 


New York Acad. Med., 19: 449, 1943. 
Storer, B. E. and Kune, L. L. A postmortem 


Med., 19: 1013, 1943. 

Van Dyke, H. B. The weapons of Panacea. Scient. 
Monthly, 64: 322, 1947. 

Wattace, C. J. Nephrectomy in treatment of 
hypertension: brief review of literature and 
report of five cases. Stanford M. Bull., 3: 63, 1945. 

Werss, E. and Cnasis, H. Failure of nephrectomy to 
influence hypertension in unilateral kidney 
disease. 7. A. M. A., 123: 277, 1943. 

Wess, S. and Parker, F., Jr. Pyelonephritis: its 
relation to vascular lesions and to arterial hyper- 
tension. Medicine, 18: 221, 1939. 

WetnHersy, M. A Comparison of Blood Pressure in 
Men and Women: Statistical Study of 5,540 
Individuals. In Berglund and Medes. The 
Kidney in Health and Disease Chap. 22, p. 370. 
Philadelphia, 1935. Lea & Febiger. 

Wurrez, B. V., Durxegz, R. E. and Mirasize, C. 
Renal hypertension. A review of its status includ- 
ing the report of a case of hypertension relieved 
after nephrectomy. New England 7. Med., 228: 
277, 1943. 


122. Wison, C. L. and C. T. Unilateral 


123. 


124. 


renal ischemia associated with hypertension: case 
report. 7. Urol., 47: 421, 1942. 

Wo pr, G. A. The effect of pain on renal function. 
Research Publ., A. Nerv. @ Ment. Dis., 23: 358, 
1943. 

Wostma, P. H., June, F. T. and Maner, C. C. 
Urologic h as an entity. Am. Heart 7., 
24: 483, 1942. 


The following papers deal with some aspect of the 
subject matter of this lecture, but in the interests of 
brevity are not cited in the text: reference numbers 12, 
19, 23, 29, 31, 39, 41, 54, 61, 68, 72, 73, 91, 96, 98, 102, 
115 and 120. 


W. and Cuass, H. Role 
98 of the kidney in the genesis of hypertension. Bull. 
study of the renal pelvis in relation to hyper- 
9 tension. Arch. Path., 35: 681, 1943. 
Sweeney, J. S. and Pace, J. M. Hypertension 
caused by unilateral kidney disease. Ann. Int. 
100 
101 
102. 
| 
| 
| 


Seminars on Hypertension 


Surgical Treatment of Hypertension’ 


R. H. SMiIrHwIck, M.D. 
Boston, Massachusetts 


URGICAL treatment of hypertension 
has been under investigation in a 
number of clinics during the past 
twenty years. The three procedures which 
may be helpful are extensive sympathec- 
tomy, unilateral nephrectomy and_ the 
removal of adrenal tumors. Extensive sym- 
pathectomy is the most widely applicable 
procedure. 

Hypertension, particularly in its later 
stages, is a complex disorder in which many 
factors such as the age and sex of the 
patient, type and the duration of elevated 
blood pressure and the degree and location 
of cardiovascular disease vary greatly. 
While the cause is unknown, there seems to 
be rather general agreement that elevated 
blood pressure is the result of increased 
peripheral resistance to blood flow through 
the arterioles. Its onset is insidious and in 
most patients the blood pressure is unusually 
variable. There is reason to believe that the 
disorder passes through several stages. The 
earliest may consist of an unusually variable 
blood pressure within a normal range, 
the so-called normotensive hyperreactor of 
Hines and Brown."? As years pass by the 
basal level rises, but it may still be within 
the usually accepted normal range under 
resting conditions. On the other hand, 
blood pressure is usually elevated under 
conditions of stress and strain or physical 
activity. This has been called the stage of 
intermittent hypertension. This stage ap- 
pears to be tolerated well by most patients, 
particularly females. In occasional patients, 
generally males, cardiovascular damage 
makes its appearance. After a variable 
period of time, probably many years, the 


blood pressure level becomes continually 
elevated and the upward fluctuations arc 
superimposed. By this time cardiovascular 
damage is demonstrable in the great majority 
of patients, in 97 per cent in my experience.’ 

In the earlier stages of the disorder periph- 
eral resistance is increased intermittently. 
Later, when blood pressure levels are con- 
tinually elevated, peripheral resistance is 
always increased but continues to vary in 
an upward direction. Cardiovascular disease 
develops along with hypertension and is 
progressive. The rate of progress is unpre- 
dictable and varies from slow to very rapid. 
It seems probable that vascular disease is 
to a large measure the result of increased 
stress and strain upon the blood vessels. 
The elevated pressure is in all probability 
due to increased tone of arteriolar smooth 
muscle. Vascular disease when present is 
likely to perpetuate the hypertensive process 
and prevent the reduction of blood pressure 
after removal of the physiologic causative 
mechanisms. For instance, hypertension 
may be ‘caused by an adrenal tumor. In 
time vascular disease will develop. The 
vascular changes may be identical with 
those in patients having so-called ‘‘essen- 
tial” hypertension. If the changes are 
sufficiently marked and involve a large 
vascular area, such as the splanchnic bed, 
removal of the tumor may have no effect 
upon the blood pressure. The same is true 
of patients with continued hypertension of 
the essential variety. The amount and dis- 
tribution of vascular disease varies tre- 
mendously. Following through denervation 
of the splanchnic bed, the blood pressure 
levels may be lowered in a striking fashion 


* From The Smithwick Foundation, Massachusetts Memorial Hospitals, Boston, Mass. 
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in the presence of extensive disease of the 
renal arterioles in one patient and in 
another there may be no change at all. 
The presumption is that in the first patient 
the ipheral resistance was decreased 
in the €Xtrarenal visceral vascular bed while 
in the second, because of vascular disease, 
it was not modified. The alternate possibility 
is that some additional factor causing 
increased tone of smooth muscle existed in 
the second case, such as a humoral sub- 
stance acting directly upon smooth muscle. 

The three factors which appear to affect 
peripheral resistance in hypertensive patients 
are nervous, humoral and vascular disease. 
Theoretically, all could coexist, and if they 
were all of equal importance the removal 
of any one would not affect blood pressure 
levels. If one is dominant, its removal should 
be followed by a lowering of the blood 
pressure level to that at which the others 
are operating and in their absence to 
normal. 

The mortality in hypertensive patients 
is due to complications particularly in the 
cardiac, cerebral and renal areas. That 
mortality is high is well known and it is 
believed that there are more deaths per 
year from hypertensive cardiovascular dis- 
ease than from any other disorder of man- 
kind. In a recent series of 156 unselected, 
untreated hypertensive patients who were 
carefully studied and found to have con- 
tinued hypertension with evidence of cardio- 
vascular disease varying from slight to 
marked, we found the mortality to be 
26.9 per cent in a follow-up period averag- 
ing 5.6 months. These patients had been 
referred for consideration of surgical treat- 
ment and doubtless ted the more 
severe and advanced forms of the disorder. 
It is of interest that Bechgaard‘ recently 
reported a mortality rate of 28.2 per cent 
in a series of 1,038 hypertensive patients 
followed seven to eleven years. This indi- 
cates how widely mortality statistics may 
vary in different series of patients. 

As previously indicated, mortality in the 
earlier stages of hypertension is low be- 
cause cardiovascular damage of conse- 
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quence rarely occurs until the stage of 
continued hypertension is reached. When 
cardiovascular damage appears in_ the 
stage of intermittent hypertension, surgical 
intervention should be considered. The 
principal indication for surgery is_ the 
presence of continued hypertension with 
evidence of cardiovascular damage. The 
purpose is to lower blood pressure levels 
and to decrease the magnitude of reflex 
variations in blood pressure by modifying 
the neurogenic component of peripheral 
resistance. The rationale is the belief that 
elevated blood pressure and the associated 
vasomotor fluctuations accelerate the prog- 
ress of cardiovascular disease and its fatal 
complications. The principal contraindica- 
tions to surgery are the circumstances which 
we have found from experience to indicate 
with reasonable certainty that the result 
of operation will not be worth while. In 
order to exclude these patients it is neces- 
sary to have certain information. This is 
obtained by subjecting each patient to a 
standard method of study. 


METHOD OF STUDY 


An outline of the method of study used 
is given because the data serve as a basis 
for dividing subjects into a number of 
groups. If this information is available, it 
is then possible to tell whether a given 
patient falls into the so-called selected or 
into the excluded group. In general, I 
would advise those who are beginning to 
interest themselves in this problem to 
advise against operation in patients who 
fall into the excluded group. It is true that 
some individuals in the selected group will 
do poorly and some in the excluded group 
will do well. It is expected that further 
experience and more detailed studies will 
make it possible to identify these exceptions 
with increasing accuracy. Further con- 
siderations of this matter are contemplated 
in the future. 

In addition to a detailed history and 
physical examination, the with 
fully dilated pupils should be examined by 
an ophthalmologist. Occasional patients 
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with continued hypertension have normal 
eyegrounds. A simple classification has been 
used which divides the abnormal patients 
into four grades: 

(1) Subjects with spasm only, generalized 
narrowing or irregular constrictions, or 
both, of any degree, without evidence of 
sclerosis and without hemorrhage, exudate 
or papilledema; (2) sclerotic changes, 
particularly arteriovenous compression, 
generally associated with tortuosity and 
increased light reflex. Spasm may also be 
present but hemorrhage, exudate and 
papilledema should not be in evidence; 
(3) patients with hemorrhage and/or exu- 
date but without papilledema regardless of 
the changes in the vessels; (4) papilledema 
with measurable elevation of the disk, 
generally associated with hemorrhage, exu- 
date and changes of consequence in the 
retinal arteries. 

Cardiac status is determined by a cardi- 
ologist, supplemented by an electrocardio- 
gram and a seven foot heart plate with 
particular reference to the size and shape of 
the heart and the state of the aorta. The 
renal area is evaluated by urinalyses, a 
twelve-hour concentration test and an in- 
travenous phenolsulphonphthalein test (the 
dye being injected after a period of forced 
fluid intake and specimens collected at 
intervals of fifteen and thirty minutes and 
one and two hours). This ordinary test of 
renal function has been found useful in 
estimating the extent of renal damage in 
hypertensive patients and is the one we 
have come to rely upon most. A non-protein 
nitrogen determination is made and intra- 
venous pyelograms are obtained routinely. 
Blood studies include counts, smears, hemo- 
globin determinations, blood grouping, Rh 
factor, Hinton test and determinations of 
blood sugar, serum protein, cholesterol and 
chlorides. If a cerebral vascular accident 
has occurred, a neurologic consultation is 
requested and such additional studies as 
skull plates, electroencephalograms and 
lumbar puncture are carried out as seems 
indicated. 

A postural and cold blood pressure test is 
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performed as follows: the patient is required 
to have at least forty-eight hours of bed 
rest except for lavatory privileges. Following 
this preliminary period, tests are carried 
out by technicians rather than by physi- 
cians since the former are generally able to 
obtain lower readings, presumably because 
physicians often act as a pressor stimulus 
to the patient. Preliminary readings of 
blood pressure are taken on each arm. If 
no great discrepancy exists, the right arm 
is used. If there is a marked difference on 
the two sides, this is checked a number of 
times and the arm with the higher reading 
is selected. The test is explained to the 
patient and, after an additional rest period 
of fifteen to twenty minutes in the horizontal 
position, observations are begun. It is 
essential that the environment be quiet, 
comfortable and pleasant. Ward patients 
are transported to a special room for per- 
formance of the test, during which there 
should be no interruptions. Readings of 
pulse and blood pressure are taken every 
minute for five minutes with the patient 
lying, sitting and standing. The horizontal 
position is again assumed and five further 
readings at minute intervals are taken, 
following which the opposite hand is im- 
mersed in ice water (4° to 5°c.) up to the 
wrist for exactly one minute and readings 
are taken after thirty seconds and at the 
end of the sixty seconds of stimulation by 
cold. Readings are then continued at one- 
minute intervals for an additional five 
minutes. The patient then assumes the 
upright position and after five preliminary 
readings at one-minute intervals the cold 
stimulus is repeated exactly as in the 
horizontal position. 

The average of the five readings in the 
horizontal position in the first portion of 
the test is called the resting blood pressure 
level and is. used to divide patients into 
three types, the purpose of which is to 
arrange them into similar categories ac- 
cording to the width of the pulse pressure 
in the resting horizontal position. In gen- 
eral, in both males and females the wider 
the pulse pressure the poorer the statistical 
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chances for lowering the blood pressure. 
In type 1, the pulse pressure is less than one- 
half the diastolic pressure. In type nu, the 
pulse pressure is equal to or up to 19 mm. 
more than one-half the diastolic pressure. 
In type m1, the pulse pressure is 20 mm. or 
more greater than one-half the diastolic 
pressure. 

A sedative test is performed in all pa- 
tients. Following a light supper, three grains 
of sodium amytal are given by mouth at 
6:00, 7:00 and at 8:00 p.m. Hourly readings 
of pulse and blood pressure are recorded 
from 7:00 p.m. to 7:00 a.m. The lowest 
reading of systolic and diastolic blood 
pressure is taken as the response. This is 
evaluated by comparison with the hori- 
zontal or resting blood pressure level as 
determined by the postural and cold test 
and the diastolic response is regarded as the 
most significant figure. For patients with 
resting diastolic levels in the postural and 
cold test below 120 mm., the diastolic 
response to sedation should be to 90 or less; 
for those in the range of 120 to 129 mm., it 
should be to 100 or less; and for those with 
resting levels of 130 mm. or more it should 
be to 110 mm. or less in order to be re- 
garded as satisfactory. Better responses 
than this not infrequently occur and are 
regarded as good or excellent. A lesser 
response also is not uncommon and is 
regarded as poor. 

SELECTION OF CASES FOR SURGERY 

With the above information it is possible 
to determine whether a patient falls into 
‘the selected or the excluded group. An 
individual may be regarded as being in the 
latter category if any of the circumstances 
under which the results of operation are 
most likely to be unsatisfactory apply. 
These determining circumstances are divided 
into two groups, A, general, and B, more 
specific. The latter were compiled by divid- 
ing the patients into twelve groups accord- 
ing to age, i.e., below forty and forty and 
over, and two sexes and three types. The 
resting diastolic level, the state of the brain, 


eyegrounds, heart and kidneys, as well as 
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the response to sedation, were also taken 
into consideration. 

The circumstances under which opera- 
tion has been found most likely to be un- 
successful are as follows: 

A. (1) When nitrogen retention is pres- 
ent; (2) when actual or impending con- 
gestive heart failure is associated with poor 
kidney function (intravenous phenolsul- 
phonphthalein output less than 15 per cent 
in fifteen minutes and 50 per cent in two 
hours); (3) when renal function is poor but 
the cardiac status satisfactory if the patient 
has had a cerebral vascular accident or 
has grade (3) or (4) eyeground changes. 
Possible exceptions are subjects with known 
pyelonephritis or an unusually marked 
response to sedation or both; (4) when the 
cardiac changes are marked (actual or 
impending congestive heart failure) and 
the renal function is satisfactory (intra- 
venous phenolsulphonphthalein output 15 
per cent in fifteen minutes and 50 per 
cent or more in two hours) in the presence 
of a cerebral vascular accident or grade (3) 
or (4) eyeground changes. Possible excep- 
tions are patients with known pyelonephritis 
or a remarkable response to sedation or 
both. Operation may be considered if the 
renal function is normal and the response 
to sedation satisfactory. The heart, however, 
must be well compensated and must have 
responded well to medical measures. 

B. If the preceding circumstances do 
not apply to a particular patient the follow- 
ing criteria should also be considered 
before advising surgical treatment: 

1. Type 1 Males. If the resting diastolic 
level is less than 120, operation may be per- 
formed if the general suggestions do not 
apply. For diastolic levels 120 to 130, age 
thirty-eight or more, it has been noted that 
these patients who have had a cerebral 
vascular accident or have grade (3) or (4) 
eyeground changes have done poorly unless 
the response to sedation is satisfactory and 
the electrocardiogram or renal function is 
normal (intravenous phenolsulphonphtha- 
lein output 25 per cent in fifteen minutes 
and 50 per cent or more in two hours). 
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If either the electrocardiogram or kidney 
function is abnormal, the changes should be 
slight at most. When the resting diastolic 
level is 140 mm. or more, the outlook is 
poor in general. Operation in these indi- 
viduals seems inadvisable if there has been 
a cerebral vascular accident, encephalo- 
pathy, congestive heart failure, or more 
than slight impairment of renal function 
(intravenous phenolsulphonphthalein out- 
put 20 per cent in fifteen minutes and 50 
per cent or more in two hours). If the 
patient has grade (2), (3) or (4) eyeground 
changes, the electrocardiogram should be 
normal. If the eyegrounds are normal or 
grade (1), operation may be performed if 
the cardiac and renal changes are slight at 
most. 

2. Type 1 Females. If the resting diastolic 
level is below 120, operation may be per- 
formed if the general suggestions do not 
apply. If the resting diastolic level is 120 or 
more and the patient has had a cerebral 
accident, encephalopathy or has grade (3) 
or (4) eyeground changes, operation may be 
performed if the cardiac and renal functions 
and the response to sedation are satisfactory. 
If the response to sedation is poor and the 
patient is under thirty-eight years of age, 
the result may be worth while if the electro- 
cardiogram is normal or chronic pyeloneph- 
ritis is known to exist. 

3. Type 1 Males. Patients under forty 
years of age to whom the general suggestions 
do not apply, have done poorly when the 
resting diastolic level is below 110 mm. and 
grade (3) eyeground changes are present. 
Male patients in this same age group with 
resting diastolic levels of 130 mm or more 
have done poorly unless the changes in all 
areas are minimal at most. Male patients 
type 11, age forty and over, have done poorly 
at all diastolic levels if the response to 
sedation is poor. Also, if the response to 
sedation is satisfactory and the resting 
diastolic level is 120 mm. or more, the 
results have been poor when renal function 
has been poor (intravenous phenolsulphon- 
phthalein output of less than 15 per cent 
in fifteen minutes and 50 per cent in two 
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hours). If the response to sedation is satis- 
factory and the resting diastolic level is 120 
mm. or more and the eyegrounds are grade 
(3), the results have been poor unless renal 
function is good (intravenous phenolsul- 
phonphthalein output 20 per cent in fifteen 
minutes and 50 per cent or more in two 
hours). 

4. Type 1 Females. Below the age of 
forty these patients have done unusually 
well when the general suggestions do not 
apply. Patients age forty and over to whom 
the general suggestions do not apply have 
not done well if there has been a cerebral 
accident and the eyegrounds are grade (3) 
or (4). Also type 1 females, age forty-five 
and over, have in the great majority of 
instances done poorly if the response to 
sedation is unsatisfactory. 

5. Type m Males. Below the age of forty 
operation may be performed if the general 
rules do not apply except in patients with 
eyeground changes greater than normal or 
grade (41), unless the renal function is 
normal (intravenous phenolsulphonphthal- 
ein output 25 per cent in fifteen minutes 
and 50 per cent or more in two hours). 
Patients age forty and over have done poorly 
if the response to sedation is poor. Patients 
age forty-five and over with grade (3) eye- 
grounds and abnormal electrocardiograms 
have done poorly when the renal changes 
are more than slight (intravenous phenol- 
sulphonphthalein output less than 20 per 
cent in fifteen minutes and 50 per cent in 
two hours). 

6. Type m Females. Below the age of 
forty these patients have done unusually 
well if the general suggestions do not apply. 
If the age is forty or over, patients who have 
had a cerebral accident have done poorly 
unless the are normal or grade 
(1) and the diagtolic response to sedation is 
to below 80. Patients age forty and over 
with resting diastolic levels of 130 mm. or 
more have done poorly. 


EARLY RESULTS 


In a group of 439 patients with continued 
hypertension and slight to marked cardio- 
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vascular changes, these rules were found to 
apply to 120 of the patients and were found 
not to apply to 319 subjects. These patients 
were followed by the author and associates 
for a period of from one to five or more 
years. The results in each group are shown 


Tasie 1* 
A SERIES OF 439 UNSELECTED PATIENTS WHO HAVE BEEN 
OPERATED UPON AND FOLLOWED FOR ONE TO FIVE 
OR MORE YEARS 


Blood Pressure 
Improved Unchanged | Higher! Death« 
1 2 3 4 5 6 7 
Per cent.......... 22.4)14 5)28. 6.6| 5.8 6.8 14.6 
Total (per cent) 66.2 12.4 
Cardiovascular Disease 


A 
61.7 10.0 92 19.1 


* These patients have been divided into two groups 
in Tables u and 10, the so-called excluded and selected 
Cases. 


in Tables 1, 1 and m, respectively. The 
results have been judged both by the effect 
upon blood pressure and the effect on 
cardiovascular disease. 

The effect upon blood pressure is tabu- 
lated as improved, unchanged, higher and 
deaths. The effect upon cardiovascular 
disease has been tabulated as improved, un- 
changed, equivocal or worse. The effect 
upon blood pressure was divided into seven 
categories which are as follows: (1) diastolic 
pressure lowered 20 mm. or more, and to 
below 90; (2) diastolic pressure lowered 
20 mm. or more, but not to below 90; (3) 
diastolic pressure lowered less than 20 mm. 
to no change at all, pulse pressure definitely 
narrowed and ceiling levels lowered; (4) 
diastolic level and pulse essentially 
unchanged but ceiling levels lowered; (5) no 
change in blood pressure; (6) blood pressure 
higher and (7) deaths. 

Blood pressure changes graded as 1, 2 or 3 
comprise the improved group; those graded 
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4 and 5, unchanged; those graded 6, higher; 
those graded 7 include the deaths. 

The effect upon cardiovascular disease 
has been graded as follows: a, this group 
contains subjects with favorable changes in 
one or all areas with no evidence of progress 


TABLE 
SERIES OF 120 PATIENTS HAVING CONTINUED HYPERTENSION 
AND CARDIOVASCULAR CHANGES WHO HAVE BEEN 
OPERATED ON AND FOLLOWED FROM OVE TO FIVE 
OR MORE YEARS AND WHO WOULD té EXCLUDED 
BY THE RULES 


Blood Pressure 
Improved Unchanged | Higher; Deaths 
1 2 3 4 5 6 7 
Per cent.......... 2.5),5.8/|7.5| 7.5 8.3 16.7 51.7 
Total (per cent) 15.8 15.8 
Cardiovascular Disease 


A B Cc D 
Per cemt............. 23.3 6.7 10.8 59.2 
TABLE 11 


SERIES OF 319 PATIENTS HAVING CONTINUED HYPERTENSION 
AND CARDIOVASCULAR CHANGES WHO HAVE BEEN 
OPERATED ON AND FOLLOWED ONE TO FIVE OR 

MORE YEARS TO WHOM THE RULES DO NOT 
APPLY AND WHO WOULD NOT BE EXCLUDED 
BY THEM 
Blood Pressure 


Improved Unchanged | Higher! Deaths 


Per cent.......... 30.1117 .6/37.1|) 6.2 5.4 2.4 1.2 
Total (per cent). 84.8 11.6 
Cardiovascular Disease 


in any area. B, in this group are subjects in 
which ‘there is no evidence of reversal or 
improvement in any area but also no evi- 


| 
| 
| 
| Improved | Unchanged | Equivocal | Worse 
Improved | Unchanged | Equivocal | Worse 
| | 5 6 7 
Uachaned Equivocal | Worse 
Cc D 
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dence of progression. Cc, in this group fall 
subjects in which there is evidence of im- 
provement in one or more areas but also 
evidence of progress of cardiovascular 
disease in another or other areas. D, these 
subjects show no evidence of. improvement 


TABLE IV 
SURGICAL TREATMENT OF HYPERTENSION 
Early Results of Sympathectomy and Splanchnioectomy 
by Various Technics in Patients Followed 
from Months to Five Years or More 


Subjective Subjective 
and Improve- 
Author No. Objective ment, Deaths 
Cases Improve- Nochange, 
ment or Worse 
(percent) (percent) (per cent) 
Allen and (1940).| 224 31.0 53 8 15.2 
Peet, Woods, Braden* | 
330 42.60 30.6 
Hammarstrom? (1947)... 82 54.9 18.2 26.9 
Smithwick? (1947)... ... 439 61.7 | 23.7 14.6 
Poppen and Lemmon* | 
100, 71.0 | 22.0 7.0 
Grimson® (1946). ....... 41 76.0 | 6.3 17.7 


Late Results of Supradiaphragmatic i 
in Patients Followed for Five to Twelve Years 


| 
Peet! (1946)........... 437 46.7 8.1 | 42.5 


or no change in one or more areas associated 
with evidence of progression in one or more 
areas. Deaths are also placed in this group. 
Subjects graded as aA are tabulated as 
improved; B, unchanged; Cc, equivocal; 
worse. 
In Table tv, the early results of sym- 
pathectomy and splanchnicectomy by vari- 
ous technics**—'® are summarized. These 
appear to me to be representative reports 
from the literature. I have taken the liberty 
of arranging the results under certain head- 
ings and estimating the percentages from 
the data appearing in the articles. This was 
necessary because no standard method of 
reporting results has been used. I believe 
the general impression of the results as 
judged by the various authors themselves 
has not been materially altered. Only one 
report of late results in a large series of cases 
has so far appeared in the literature. This 
report by Peet'® is also summarized in 
Table tv. 
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We believe that these results are poor and 
that the statistical chances for improvement 
are not great enough to justify surgery in 
patients falling into this category. 

We believe the results in this series are 
much better and for the most part seem 
worth while for the period of observation. 
These results are approximately what one 
may anticipate if patients are operated upon 
who are not excluded by the rules. The 
majority of these patients have been fol- 
lowed for less than three years. A longer 
follow-up will no doubt reveal that opera- 
tion was not worth while in some of them. 
A follow-up study of patients operated upon 
five or more years ago is now in progress. 
This should give a more accurate idea of the 
long range outlook for surgically treated 
patients. It is hoped that these data will 
make it possible to establish criteria which 
will insure a satisfactory late result in a high 


percentage of patients. 


PHYSIOLOGIC EFFECT OF EXTENSIVE SYMPATH- 
ECTOMY UPON BLOOD PRESSURE LEVELS 
AND VASOMOTOR RESPONSES 


In the patients referred to in Tables 1, 1 
and 111, the operation performed was lumbo- 
dorsal (thoracolumbar) splanchnicectomy. 
The minimal procedure should be the 
removal of the sympathetic trunks bilat- 
erally from Ds to L; inclusive. The great 
splanchnic nerves are removed from the 
celiac ganglia to the mid-thoracic level. In 
some subjects resection of the trunks was 
more extensive. We are not certain that 
more extensive resections are more effective. 
The operation is performed in two stages 
spaced ten days apart. This operation fulfills 
certain criteria which we believe to be 
important: (1) minimal operative mortality 
and morbidity; (2) maximal possibilities for 
blood pressure reduction; (3) maximal 
reduction of reflex variations in blood 
pressure; (4) maximal protection against 
regeneration; (5) absence of serious un- 
toward effects; (6) provision for exploration 
of adrenal glands and adequate exposure 
for the removal of tumors; and (7) provision 
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for inspection and biopsy of kidneys and 
exposure for nephrectomy if indicated. 
During the last year or two, we have 
performed subtotal to total thoracic sym- 
pathectomy in two groups of patients and 
believe that these procedures may prove 
to be preferable to lumbodorsal splanchnic- 
ectomy under certain circumstances. First 
are patients with hypertensive cardio- 
vascular disease with angina pectoris. In 
these the sympathetic trunks were removed 
bilaterally from the inferior cervical to the 
twelfth thoracic ganglia inclusive, together 
with the splanchnic nerves arising from 
these segments. Second is a group of pa- 
tients with hypertensive cardiovascular dis- 
ease and unusual tachycardia. In these the 
trunks were removed from the second to 
the twelfth thoracic ganglia. The operations 
were performed in two stages about two 
weeks apart. The results in these patients 
will be reported at a later date. They 
are mentioned at this time because the 
physiologic effect seems comparable, quan- 
titatively speaking, to that following lumbo- 
dorsal splanchnicectomy, particularly as 
regards modification of vasomotor responses. 
Two physiologic effects of extensive sym- 
pathectomy upon blood pressure are (1) 
changes in levels and (2) modification of 
vasomotor responses. These consist of a 
lowering of diastolic pressure, a narrowing 
of the pulse and reduction of ceiling 
levels following stimulation. Reference to 
Table 1 indicates the percentage of un- 
selected subjects having these various modi- 
fications of blood levels. It will be 
noted that a grade (1) effect was obtained 
in 22.8 per cent of the patients. The blood 
pressure levels of 100 hypertensive patients 
who obtained grade (1) results compared 
favorably with those of a control series of 
100 normotensive patients studied in the 
same fashion. The hypertension was largely 
reversible in these patients, suggesting that 
increased peripheral resistance to blood 
flow in certain hypertensive patients can 
be markedly decreased by _ splanchnic- 
ectomy. (Fig. 1.) Two subjects with grade 
(1) results are illustrated in Figures 2 and 3; 
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these are typical examples of patients ideally 
suited for surgical treatment. A poor candi- 
date for surgery is illustrated in Figure 4.. 
Modification of vasomotor responses has 
been regularly observed by Wilkins and 
Culbertson'"'!? in response to various stimuli 
following lumbodorsal or total thoracic 
sympathectomy. The same is true after total 
sympathectomy. These responses are not 
abolished after lesser maneuvers such as 
subdiaphragmatic or supradiaphragmatic 
splanchnicectomy. Following lumbodorsal 
or total thoracic sympathectomy, vasomotor 
responses following the Valsalva maneuver 
are almost always completely abolished. 
(Fig. 5.) It seems probable that reversal of 
cardiovascular damage existing prior to 
operation is due in part to decreased stress 
and strain upon the vascular bed resulting 
from modification of reflex. vasomotor vari- 
ations in blood pressure. This physiologic 
effect together with lowering of blood pres- 
sure levels are probably the two most 
important changes after extensive sym- 
pathectomy. Other possible effects, such 
as elimination of reflex secretion of ad- 
renalin, decreased production of sym- 
pathin and the stabilization of blood 
flow through the denervated area, are 


perhaps of lesser importance. Favorable 
changes in eyegrounds, electrocardiograms, 
heart size and renal function as judged 
by ordinary tests have been described in 


other communications. 


UNTOWARD EFFECTS OF EXTENSIVE 
SYMPATHECTOMY 


Following extensive sympathectomy, cer- 
tain undesirable effects are noted. The 
denervated areas do not perspire, conse- 
quently sweating is increased in the un- 
denervated areas. Also, vasomotor responses 
are abolished in denervated areas and 
increased in undenervated regions. Con- 
sequently, excessive perspiration in the 
upper portion of the body and cold hands 
are commonly noted after lumbodorsal or 
thoracolumbar splanchnicectomy. ‘The same 
changes are noted in the lower extremities 
after total thoracic sympathectomy. These 
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effects are unpleasant but not serious and 
decrease with the passage of time. Postural 
hypotension with tachycardia is present 
after lumbodorsal splanchnicectomy and 
without tachycardia after total or subtotal 
thoracic sympathectomy. Leg bandages or 
elastic stockings and a lower abdominal 


Surgery in Hypertension—Smuithwick 


the heart at a later date to abolish this 
difficulty. In retrospect, both patients had 
unusual tachycardia prior to operation and 
in such patients we now include cardiac de- 
nervation as part of the original maneuver. 

Abolition of ejaculation regularly follows 
extensive removal of the lumbar outflow. If 


160 


OF 
90-99 100-109 110-119 120-129 130-159 


40+ 


B.P Range Diastolic 


Fic. 1. In this chart the preoperative diastolic 


are compared with the postoperative levels in 


pressures 
one hundred patients who obtained a grade 1 result. Preoperative levels were determined after forty-eight 
hours of bed rest; postoperative levels were ambulatory and were obtained after fifteen or twenty minutes’ 
rest in a horizontal position. The patients are divided into groups according to the height of the preopera- 
tive diastolic levels. The levels for all patients with pressures falling within each 10 mm. range were 
averaged. The average of the postoperative values for these same patients are charted immediately 
beneath. A base line of 68 mm. of mercury is used for comparison since this was found to be the average 
diastolic level of one hundred normotensive individuals studied in an ambulatory fashion by technicians 
after fifteen or twenty minutes’ rest. The chart indicates that in these patients the hypertension was largely 
reversible at all diastolic levels. This suggests that in certain patients with continued hypertension the 
nervous system may be largely responsible for the increased tone of arteriolar smooth muscle. Examples of 


grade 1 results are illustrated in Figures 2 and 3. 


girdle are used to counteract these effects 
in the early postoperative period. These 
changes gradually disappear after four to 
six months in the great majority of patients. 
The basal pulse rate is slower after both 
procedures, markedly so after total and 
subtotal thoracic sympathectomy. In an 
occasional patient, tachycardia in response 
to exercise persists to a troublesome degree 
after lumbodorsal splanchnicectomy. In 
two patients it was necessary to denervate 


both first lumbar ganglia only are removed, 
ejaculation is preserved in the great ma- 


jority of individuals. If preservation of this 


function is imperative, the lumbar outflow 
on one side should be left intact. Orgasm is 
not affected. Impotence is rare after opera- 
tions of any magnitude. It is difficult to 
explain its occurrence on a physiologic basis 
since erection is mediated by the para- 
sympathetic division of the autonomic 
nervous system. 
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Fic. 2. This twenty-nine year old patient first knew of her hypertension two and one-half years prior to opera- 
tion. It developed during the sixth month of her first and only pregnancy and was associated with severe 
toxemia necessitating termination of the pregnancy. The fetus was not viable. Since that time, hypertension 
persisted and remained severe. This was associated with frequent severe headaches. Various therapeutic 
measures were ineffective, including x-ray treatment of the pituitary. The retinal arteries were diffusely 
narrowed and irregular and there was some increased tortuosity. There were scattered exudates; the electro- 
cardiogram was normal and the heart was slightly enlarged and the aorta tortuous. Renal function was satis- 
factory by ordinary tests, with persistent albuminuria. On sedation the blood pressure fell to 126/84. The blood 
pressure levels before and thirteen months after operation were as follows: 
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Ceiling Cold Cold Response 
Lying | Standing 
Lying | Standing| Lying | Standing 
Preoperative (resting)................. 196/132 | 194/147 | 230/172 | 230/170 | 30/34 54/30 
Postoperative (ambulatory)............. 122/78 | 128/100 | 146/100 | 138/108 | 34/12 8/8 
Examination of the cardiovascular system revealed normal eyegrounds, normal , normal 


heart size and normal renal function. The patient is extremely anxious to have a child and was told that in view 
of previous experiences with pregnancy, following a good response to operation that it would be safe for her to 


have a further trial of pregnancy. 
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Fic. 3. This thirty-six year old police officer was found to have severe hypertension with eyeground changes 
which consisted of marked beading and irregular constrictions of the retinal arteries with scattered hemor- 
rhages and one diopter of papilledema. So far as he knew the hypertension was of less than one year’s duration. 
Occipital headaches in the morning and ease of fatigue were the principal symptoms. Aside from the eye- 
grounds and early electrocardiographic changes, the cerebral, cardiac and renal areas were apparently normal. 
His blood pressure fell to 130/90 on sedation. His blood pressure levels before and at intervals after operation 
are tabulated. Those betore and five years after operation are illustrated as follows: 


Ceiling Cold Cold Response 
Lying | Standing 
Lying | Standing| Lying | Standing 
Preoperative (resting)................. 175/120 | 189/152 | 204/154 | 198/160 | 36/16 18/18 
Postoperative (ambulatory) (12 mo.)..... 127/90 | 132/105 | 124/104 | 150/118 |—10/+10| 12/10 
113/80 | 128/94 | 110/90 | 124/94 0/12 4/6 
118/86 | 128/102 | 130/102 | 144/116 | 18/14 20/10 


It is of interest that the renal biopsy material revealed very advanced chronic vascular nephritis, grade 4. 
This patient, as well as the patient illustrated by Figure 2, are the best candidates for surgery. They have the 
following features in common which are indicative of a worth while result: narrow pulse pressure (types 1 and 
11), younger age group, variable hypertension with hyper-reactivity, not too severe cardiovascular damage and 


a good response to sedation. 
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PREGNANCY FOLLOWING LUMBODORSAL degrees of cardiovascular damage prior to 


SPLANCHNICECTOMY 
An increasing number of patients are 
being permitted to attempt pregnancy 


TYPE 


pacopenative 


| sirrime! 


100). 


splanchnicectomy. Approximately half of © 
the patients had chronic pyelonephritis. 
Three patients had malignant hypertension. 


STANDING 


Time— wISUTES 


Fic. 4. This thirty-nine year old female patient is illustrative of some of the circumstances 
under which operation is most likely to fail to modify the hypertensive state. About six 
months prior to admission she suffered a cerebral vascular accident from which she had 
recovered satisfactorily without much residual. Her eyegrounds showed marked changes 
in the arteries with hemorrhages, exudate and papilledema. Her heart was enlarged and 
she had early congestive failure. The electrocardiogram was abnormal. Her renal func- 
tion was markedly impaired as judged by ordinary tests. The non-protein nitrogen was 
within normal limits. There was no response to sedation. The blood pressure levels as 
determined by the postural and cold test after a period of bed rest are illustrated and were 
high and fixed. The pulse pressure was wide (type m1). 


Ceiling Cold Cold Response 
Lying | Standing 
Lying | Standing; Lying Standing 
Preoperative 
(resting)......... 230/134 | 236/142 | 234/134 | 230/148 2/4 —6/+4 


This patient was operated upon and died within a year of a recurrent cerebral acci- 
dent. There was no change in her blood pressure levels after operation. From experiences 
of this sort we have learned that patients who fall into certain categories are poor candi- 
dates for surgery and should be excluded. Many patients of this sort are in Table 1 and 
are commented upon in greater detail in the text. 


following a favorable response to extensive 
sympathectomy. The course of pregnancy 
in fourteen patients was recently discussed 
by Newell and Smithwick.'* These patients 
had continued hypertension with varying 
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The time elapsing between the diagnosis 
of hypertension and operation averaged 
seventy-five months. The time between 
operation and pregnancy averaged thirty 
months with the exception of one woman 
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on whom splanchnicectomy was performed 
during the first trimester. Admission blood 
pressure levels prior to splanchnicectomy 
averaged 196/130, prior to pregnancy 
135/87, two weeks post partum 134/89, and 
six or more weeks post partum 133/87. All 


elevation of blood pressure varying from 
slight to marked necessitated termination 
of the pregnancy. All obtained living 
children as this complication occurred late 
in pregnancy. The series has increased con- 
siderably. Two additional patients having 


5 0 5 20 25 % «0 45 


Time - Seconds 
Fic. 5. This is a typical example of the modification of reflex vasomotor variations 
in blood pressure following thorough denervation of the splanchnic bed. Intra- 
arterial blood pressure levels are optically recorded with a Hamilton manometer 
before, during and after the Valsalva maneuver. The latter consists of exhaling 
against a positive pressure of about 40 mm. of mercury for ten seconds which causes 
a sharp fall in blood pressure. The sharp overshoot which follows within a few 
seconds before operation is compared with the abolition of this phenomenon after 
operation (shaded graph). This indicates that denervation of a large vascular area 
minimizes reflex vasomotor variations in blood pressure. This should decrease 
stress and strain upon the vascular bed. This physiologic effect of sympathectomy 
occurs in all thoroughly denervated patients and is unrelated to changes in blood 


pressure levels. 


but one patient obtained a living child and 
did not appear to have suffered cardio- 
vascular damage. One still birth resulted 
from premature separation of the placenta. 
This patient subsequently obtained a living 


child at a second pregnancy. In nine women 


the pregnancy was entirely uneventful 
without elevation of blood pressure or signs 
of toxemia. In five, signs of toxemia with 


severe continued hypertension were oper- 
ated upon in the first trimester and de- 
livered uneventfully at term. Several other 
patients, one with large bilateral polycystic 
kidneys, have become pregnant at various 
time intervals after operation and all have 
had an uneventful course and obtained 
living babies. It is our impression that 
following a satisfactory response to opera- 
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tion, pregnancy, if carefully supervised, 
appears to be safe and permissible. These 
experiences lead us to believe that following 
this operation certain hypertensive women 
may be able to tolerate pregnancy which 
would otherwise be impossible or extremely 
hazardous. This is particularly true in the 
younger age group with severe essential and 
even malignant hypertension, with or with- 
out chronic pyelonephritis. 


UNILATERAL NEPHRECTOMY 


The removal of one kidney in hyper- 
tensive patients should be undertaken with 
caution. The number of hypertensive pa- 
tients who might benefit from such a 
procedure is small and is thought to be less 
than 1 per cent of all. Opinions vary as to 
the rationale for this procedure. It is based 
upon the experimental work of Goldblatt 
who demonstrated clearly that transient 
hypertension follows partial clamping of 
one renal artery in dogs. More persistent 
hypertension can be produced in other 
animals in this way, particularly in rats. If 
the clamp or the kidney is removed, the 
hypertension disappears. 

A critical analysis of the results of 
unilateral nephrectomy by Goldring and 
Chasis'® led them to believe that 10 per cent 
of patients so treated were improved. Two 
recent reports by Ratliff et al.2° and Barker 
and Braasch*' are more optimistic. They 
indicate that moderate improvement lasting 
for years may be expected in about one- 
third of the patients and slight improvement 
in an additional 15 per cent. It should be 
emphasized that only seriously affected or 
non-functioning kidneys should be removed. 
The function of the remaining kidney should 
be little if at all impaired. It seems in- 
advisable to remove the poorer of two 
involved kidneys. In general, the indications 
for nephrectomy in hypertensive patients 
should be essentially the same as in non- 
hypertensive patients. Unilateral nephrec- 
tomy may be combined with lumbodorsal 
splanchnicectomy providing infection does 
not contraindicate such a procedure. 
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ADRENAL TUMORS AND PARAGANGLIOMAS 


Adrenal tumors have been present in 
about 4 per cent of the hypertensive patients 
operated upon by the author. About 90 per 
cent of these are cortical adenomas and 
their relation to the hypertensive state is not 
as yet clear. Only one of these was clearly an 
important factor. Ten per cent of the tumors 
have been pheoc and with 
one exception they have been physiologi- 
cally active. Ninety per cent of these 
patients have a definite history of paroxysmal 
attacks of hypertension associated most com- 
monly with headache, palpitation, vomiting 
and sweating. Ten per cent have no such 
symptoms. To confuse the issue further, 
adrenal tumors have been more commonly 
absent than present in paroxysmal forms of 
hypertension in my experience. While there 
are other suggestive findings such as hyper- 
metabolism, hyperglycemia, an active pres- 
sor response to histamine or acetylcholine, 
a normal or decreased response to stimula- 
tion by cold or postural hypotension asso- 
ciated with tachycardia, none of these signs 
is absolutely diagnostic. In some instances a 
tumor can be felt but this is rare in my 
experience. An attack may be precipitated 
by massage, straining or emotion. The 
diagnosis may be suggested by intravenous 
pyelography or perirenal air injection. The 
latter is not without danger. The only 
certain and safe way to make the diagnosis 
is to explore the adrenal glands. As pre- 
viously stated, this should be a part of any 
widely utilized operation in hypertensive 
patients. It is important that the diagnosis 
be made since the effect of removing 
physiologically active tumors is almost 
always dramatic. It is unfortunate that the 
diagnosis has so far been made most fre- 


quently at autopsy. 


SUMMARY 


There are three surgical measures which 
may be helpful in the management of hyper- 
tensive patients. 

Unilateral nephrectomy appears to have 
modified the course of the disorder in some 


> 
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patients. It appears to be difficult or impos- 
sible to predict the outcome. It seems 
permissible to remove a seriously damaged 
or non-functioning kidney when the other 
is little if at all affected. It seems unwise to 
remove the poorer of two involved kidneys. 
In general, the indications for nephrectomy 
should be the same in hypertensive as in 
non-hypertensive patients. 

The removal of adrenal tumors which are 
physiologically active is helpful. In those 
patients having paroxysmal hypertension 
the diagnosis can often be made with con- 
siderable certainty. On the other hand, 
paroxysmal forms of hypertension may not 
be due to tumors but appear to be the result 
of an intermittent increase in diencephalic 
activity. In these patients denervation of 
the splanchnic bed has been effective. Con- 
tinued non-paroxysmal hypertension may 
be caused by an adrenal tumor. The 
diagnosis may be difficult to make and most 
of these tumors have been found un- 
expectedly during the course of operations 
upon the sympathetic nervous system. In 
general, active adrenal tumors are rare 
causes of hypertension. They almost always 
prove to be pheochromocytomas. 

Surgical intervention upon the sympa- 
thetic nervous system appears to offer many 
patients a reasonable chance for improve- 
ment at a minimal risk. It appears to slow 
the progress of the disorder. It probably is 
rarely if ever curative. A lessening of the 
severity of cardiovascular damage, as judged 
by favorable changes in the retinal, cardiac 
or renal areas, was noted in about 60 per 
cent of unselected patients followed from 
one to five or more years. Blood pressure 
levels were also modified slightly to mark- 
edly in about 60 per cent of these subjects. 
It is believed that at least part of the effect 
of the operation is due to a modification of 
reflex vasomotor fluctuations in blood pres- 
sure. This effect is independent of changes 
in blood pressure levels and occurs in 
virtually all thoroughly denervated patients. 
It is possible that elimination of reflex 
secretion of adrenalin and a stabilization of 


Surgery in Hypertension—Smuthwick 


blood flow through the denervated area may 
be of some importance. 

Extensive sympathectomy has been uti- 
lized largely in patients who have reached 
the stage of continued hypertension with 
evidence of cardiovascular damage varying 
from slight to marked. Experience to date 
indicates that at least 30 per cent of these 
patients are clearly unsuited for this form of 
treatment and rules have been formulated 
in an attempt to exclude them as far as 
possible. If such patients are excluded, the 
early results in the remaining subjects are 
considerably better. A follow-up period of 
five years or more is needed to establish the 
circumstances under which splanchnic- 
ectomy is most likely to be worth while. It is 
gradually becoming apparent that patients 
with the best chance for good results are 
those in the younger age groups with 
narrower pulse pressures, (types 1 and 2) 
with variable blood pressures, the cardio- 
vascular systems not too extensively dam- 
aged and with satisfactory responses to 
sedation. Two typical examples of patients 
ideally suited for surgical treatment are 
illustrated in Figures 2 and 3. A poor 
candidate for surgery is illustrated in 
Figure 4. 

Occasional patients develop evidence of 
cardiovascular damage in the stage of 
intermittent hypertension. In these it seems 
proper to consider surgical intervention. 
Thorough denervation of the splanchnic 
bed by a technic which permits exposure 
of the kidneys and adrenal glands appears 
to be the most desirable procedure for most 
patients. In some, total or subtotal thoracic 
sympathectomy may prove to be preferable. 
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Case Reports 


Nephrotic Syndrome Occurring during 
Tridione Therapy’ 


Henry L. BARNETT, M.D., DONALD J. Simons, M.D. and Roe E. WELLS, JR., M.D. 
New York, New York | 


RELATIVELY new drug, tridione (3, 

5, 5 trimethyloxazolidine, 2-4 dione) 

has been shown to possess high 
therapeutic specificity against petit mal 
seizures.' ‘The rare occurrence of serious 
toxic side effects has also been reported 
recently.? This report concerns a hitherto 
undescribed renal complication which ap- 
pears to be related to the administration of 
tridione. 


CASE REPORT 


A sixteen year old colored school girl (born 
April 15, 1931) was first seen at seven and 
one-half years of age in January, 1939 in the 
out-patient department of the Children’s Clinic 
of the New York Hospital. The initial complaint 
was enuresis of one year’s duration. Subse- 
quently, her mother described “spells” during 
which she seemed to be “thinking like dream- 
ing” and as a result stopped whatever she was 
doing. She became rigid, stared and did not 
respond to questioning. These episodes lasted 
about thirty seconds and had heen noted for about 
three months. 

No other members of the family were known 
to have had convulsive disorders or kidney 
disease. The mother had syphilis and was 
treated during the pregnancy of the patient. 

Physical examination of the patient was un- 
remarkable. She appeared dull and slow. Her 
intelligence quotient at the age of eight years 
was 83. Re-examination at the age of eleven, 
however, cast doubt on the validity of this 
measurement. At this time she was doing 
excellent school work and her intelligence 
quotient was 95. Repeated examinations of the 
urine showed no abnormalities. A Kline test 


on the blood and a spinal fluid Wassermann 
were negative. An electroencephalogram at the 
age of nine (March, 1940) showed waves 
strongly suggestive of grand mal epilepsy. A 
subsequent tracing at the age of ten (January, 
1941) showed similar waves plus some dart and 
dome seizure patterns like those seen in petit 
mal. 

The enuresis subsided after evening fluids 
were withheld but her “spells” persisted un- 
changed throughout the period from March, 
1940 to October, 1945 despite courses of pheno- 
barbital, benzedrine, dilantin, sodium bromide, 
ephedrine sulfate, glutamic acid and caffeine 
citrate given alone and in various combinations. 
Repeated urine examinations during this period 
showed no albuminuria or abnormal sediment. 

At the age of fourteen years (October, 1945) 
the patient received tridione. On a dosage of 
0.32 Gm. three times daily she continued to 
have six to seven seizures a day; three weeks 
following an increase in the dosage to 0.96 Gm. 
three times a day, the attacks were reduced to 
one to two a week and they stopped entirely one 
week later. She remained free from attacks with 
subsequent reduction in dosage to 0.64 Gm. 
and later to 0.32 Gm. three times a day; no 
toxic effects from the tridione were observed. 

On June 22, 1946, eight and one-half months 
following the onset of continuous tridione 
therapy, pitting edema of the face and legs 
spontaneously appeared with a gain in weight 
of 18.2 Kg. over her usual weight of 67 Kg. The 
blood pressure was 122/70. The urine contained 
large quantities of protein (3+) and chemical 
examination of the blood revealed low serum 
albumin (1.8 Gm./100 ml.) and total protein 
(3.9 Gm./100 ml.) and elevated serum cho- 
lesterol (876 mg./100 ml.). (Fig. 1.) 


* From the New York Hospital and Medicine (Neurology), Cornell University 
, New , 
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_ pressure was elevated to 146/84 on this occasion 


The red and white blood cell counts, hemo- 
globin concentration and differential leukocyte 
count were within normal limits. Tridione was 
discontinued. On bed rest and low salt and fluid 
intake, a steady loss of weight followed. By 
August 1, 1946, five weeks after its appearance, 


761 


and there was microscopic hematuria. Tridione 
was discontinued on October 11, 1946. By 
November 6, 1946, four and one-half weeks 
after its appearance, the edema had again sub- 
sided and the laboratory findings were again 
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Fic. 1. Relation between occurrence of nephrotic syndrome and tridione therapy. 


the edema had subsided and the laboratory 
findings had returned to within the normal 
range. At the same time petit mal seizures 
recurred. Because no other therapy had previ- 
ously controlled the seizures and because there 
were no signs of persistent impairment of kidney 
function, 0.32 Gm. of tridione given three times 
a day was again started on August 9, 1946, fol- 
lowing several test doses without detectable 
reaction. The frequency of seizures decreased 
and they stopped entirely ten days later (August 
19, 1946). She returned to school. ; 

Following this episode, the patient was free 
from seizures and her weight remained constant 
until October 4, 1946; two months after starting 
tridione the second time, generalized edema was 
again noted. Physical examination and hema- 
tologic and urinary findings paralleled those 
in the first episode (Fig. 1) except that the blood 
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normal. The seizures, however, recurred and 
increased in frequency as high as ten to twenty 
a day. Kidney function tests revealed no decrease 
in measurable functions. (Table 1.) The increase 
in severity and frequency of her seizures in the 
presence of normal renal function prompted the 
reinstitution of tridione therapy on December 10, 
1946, in a dosage of 0.32 Gm. three times a day. 
Within two weeks her attacks had ceased a third 
time and she again returned to school and full 
activity. 

On February 7, 1947, two months following 
resumption of tridione for the third time, edema 
of the face returned and again tridione was dis- 
continued. Examination again revealed gen- 
eralized edema, proteinuria, low serum albumin 
and total protein and high serum cholesterol. 
(Fig. 1.) The edema was more extensive and 
persisted longer in this than in the two previous 
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episodes. In addition there was an elevation of 
the blood urea nitrogen. (Table 1.) Petit mal 
seizures appeared on March 14, 1947, five weeks 
after cessation of tridione, and in this instance 
antedated subsidence of the edema and protein- 
uria. The latter cleared on March 25, 1947, five 
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in this clinical syndrome? Some light may 
be thrown on this question by an analysis of 
the symptoms and findings. 

Description of Nephrotic Syndrome. The 
outstanding symptom on the three occasions 
was generalized pitting edema. The edema 


TABLE 1* 
KIDNEY FUNCTION OF PATIENT EXHIBITING NEPHROTIC SYNDROME DURING TRIDIONE THERAPY 
Effective Renal 
Estimated | Plasma Flow | 
Glomerular Para-Amino Filtration Cc, Tubular Urea Blood Urea Nitrogen 
am Filtration Rate, Hippurate omnes AB Excretory Clearance 
Mannitol Clearance 100-Hematocrit | Capacity PAH | mi./min./ 
Clearance (C,,) (Cyan) as WS mg./min./1.73 1.73 M* 
2 /min./1. ./min./1. 
ml./min./1.73 M M? Mg./100 ml. 
11-22-46 96.2 490.2 0.197 824.4 93.4 65.2 7-6-46 17.0 
7-11-46 14.0 
(863-101 (439.3-538.4)z | (0.189- 0.203): | (749.6-900.0): | (93.1-93.6)? | (61.5-68.9)? | 7-23-46 16.0 
8-9-46 14.0 
— 10-29-46 9.0 
. 11-9-46 11.0 
11-26-46 102.2 542.9 0.188 896 .6 11-12-45 9.5 
11-22-46 7.8 
(91.5-115.3)s | (486.9-595.4)s | (0.174-0.198)s | (798. 1-964.7)» 12-30-46 13.0 
2-14-47 24.4 
2-20-47 31.5 
3-6-47 46.9 
3-24-47 85.2 584.7 0.156 941.6 109.2 51.1 3-12-47 15.2 
3-24-47 8.6 
(77.3-96.4)6 | (504.2-655.5)a | (0.147-0.161)s | (818. 3-1052.5)s} (107.3-111.1)3 | (51.0-51.1)2 | 4-15-47 14.0 
4-21-47 7.8 
4-21-47 100.6 567.0 0.191 922.0 95.6 65.7 
(85 9-108 .4)¢ | (541 4-607.4)3 | (0.178-0.198)s | (880.2-987.7)s | (88.9-107.2)3 | (63.8-68.6): 


* The clearances were performed 
P. 195. New York, The Commonwealth Fund. 1944. 
t (Range of values) Number of periods. 


and one-half weeks following the third episode 
of edema. 

Repeated electroencephalograms showed con- 
sistent pathologic records strongly suggesting a 
convulsive disorder. Repeated electrocardio- 
grams were interpreted as normal. 

At the time of writing (September 1, 1947), 
the patient on phenobarbital therapy is having 
three to five seizures a day but she has completed 
her school year and has engaged in normal 
activity. Nephrotic symptoms and signs have 
been absent for five months. 


COMMENT 


Manifestations of the nephrotic syndrome 
appeared in this patient during the adminis- 
tration of tridione and disappeared upon 
withdrawal of the medication on three 
distinct occasions. Was tridione implicated 


according to the general technic described by Goldring and Chasis, Hypertension and Hypertensive Disease. 


was accompanied by proteinuria, hypopro- 
teinemia primarily ascribable to hypo- 
albuminemia and hypercholesterolemia. In 
each of the three remissions the proteinuria 
cleared, the total serum proteins and serum 
albumin returned.to normal limits and the 
serum cholesterol decreased to normal 
levels. The results obtained in kidney 
function tests in two of the remissions 
(November 22 and 26, 1946 and April 21, 
1947) and in one exacerbation (March 24, 
1947) and the levels of blood urea nitrogen 
are shown in Table 1. 

Although generalized edema was the 
outstanding clinical symptom and _ pro- 
teinuria and hypo-albuminemia were the 
prominent laboratory findings, the hema- 
turia shown in Figure 1 denotes a definite 
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nephritis. Kidney function tests performed 
during the periods of remission are con- 
sidered to be within the normal range. The 
somewhat abnormal values for mannitol 
and urea clearances obtained on March 24, 
1947 during a period of edema may repre- 
sent decreased function, especially since 
during this period the blood urea nitrogen 
was also elevated and repetition of the 
clearance tests performed one month later 
yielded normal values. 

The evidence suggests that the disease 
which occurred during tridione therapy 
was the nephrotic type of nephritis not 
associated with persistent impairment of 
kidney function. 

Relation of Tridione Therapy to Nephrotic 
Syndrome. As shown in Figure 1 the con- 
comitant occurrence of symptoms and 
tridione therapy is striking. Administration 
of tridione, of course, could have been 
coincidental with a spontaneously occurring 
nephrotic type of nephritis or the medica- 
tion could have acted only as the agent 
which precipitated exacerbations of an in- 
dependent disease. Certainly, numerous 
factors such as infections, paracenteses 
and dietary changes among others some- 
times alter suddenly, irregularly and inex- 
plicably the course of nephrosis or mixed 
nephritis in children. Two facts in the 
present instance are against this interpreta- 
tion. The regularity of the appearance of 
symptoms during medication and _ their 
subsidence on withholding the drug on 
three separate occasions certainly contrast 
with the irregularity of the relationship 
between the above mentioned factors and 
the spontaneously occurring disease. More- 
over, complete disappearance of albumin 
from the urine and return of the serum 
proteins and cholesterol to normal levels 
on three distinct occasions is certainly not 
common during remissions of the “‘natural”’ 
disease. 

That tridione was causally related to the 
nephrotic syndrome is suggested by the 
aforementioned variations from the spon- 
taneously occurring disease and by the 
striking sequential relation between occur- 
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rence of symptoms and therapy. The total 
picture presented by this patient not only 
differs from the “natural”? disease but is 
quite unlike that commonly:seen with heavy 
metal poisoning or the toxic nephroses 
following use of such organic compounds 
as carbon tetrachloride. The quintad of 
intense proteinuria associated with hypo- 
proteinemia and generalized edema, of 
practically normal kidney function and 
particularly of hypercholesterolemia is rela- 
tively rare. This combination of findings 
associated with drugs is not completely 
unknown however. So-called “‘gold nephro- 
sis” has been reported** in which edema, 
proteinuria, hypoproteinemia and hyper- 
cholesterolemia have been ascribed to the 
therapy but the same uncertainty concern- 
ing pathogenetic relationships existed in 
these patients. If such compounds as gold 
salts or tridione are shown to cause the 
nephrotic syndrome in some patients, an 
experimental approach to an understanding 
of the fundamental nature of the syndrome 
may be provided. 

Final evaluation of the relation of tri- 
dione to the nephrotic syndrome must 
await further observations in this and other 
patients. Similar occurrences in other pa- 
tients during tridione administration would 
support a causal relation. In this patient 
the precipitation of another attack by the 
administration of tridione after a prolonged 
remission without the drug would strengthen 
this thesis. Conversely, a spontaneous ex- 
acerbation in the absence of tridione therapy 
would be evidence for the spontaneous na- 
ture of the disease. The absence of recur- 
rences during a prolonged period without 
tridione would of itself be of no significance 
since it might occur in either case. 

The uncertainty of the réle of tridione in 
the causation of a nephrotic type of nephri- 
tis in this patient has been emphasized 
because of the possibility of unfairly in- 
criminating a useful drug. On the other 
hand, it seems worth while to record the 
occurrence of the nephrotic syndrome dur- 
ing tridione administration because it is 
important to call attention to all the 
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possible toxic effects of a new and widely 
used medicaticn. 
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Primary Systemic Amyloidosis 
with Nephrosis’ 


STUART LINDSAY, M.D. ° 
San Francisco, California 


rare disease with protean manifesta- 

tions. It is not often recognized dur- 
ing life, probably because it is not generally 
known that amyloidosis may occur without 
preceding suppuration. 
_ In general, the sites of amyloid deposition 
in the primary type of disease are the heart, 
lungs, skin, striated muscles, mucous mem- 
branes and other tissues not usually involved 
in the more common secondary amyloido- 
sis, although overlapping of the characteris- 
tics of the four types (primary, secondary, 
localized and that associated with multiple 
myeloma) has often been encountered. 
Forty-eight cases of primary systemic amy- 
loidosis have been recorded in the litera- 
ture,':?#:1314 these have been summarized 
and the majority tabulated elsewhere. 

The present report concerns an additional 
fatal case of primary systemic amyloidosis 
in which a nephrotic syndrome was the 
outstanding clinical feature. 


p= systemic amyloidosis is a 


CASE REPORT 


S. C., No. U 12,189, a sixty-six year old white 
widow, was first seen on October 16, 1945. For 
the previous two years she had been fatigued, 
felt dizzy and noted increasingly severe con- 
stipation associated with rectal bleeding. During 
this period she had been taking 0.1 Gm. of 
digitalis daily without significant improvement. 
Eight months before entry she had had severe 
pharyngitis with malaise and fever lasting one 
week. Four months before anorexia and edema 
of the ankles were noted and during the next 
four months the level of the edema progressed to 


the lower thighs. Three months before entry an 
examination by her physician showed; blood 
pressure, 104/64 mm. of Hg; urine, specific 
gravity 1.012, albumin 4 plus, few casts and no 
red blood cells. There had been no other cardiac 
or renal symptoms or signs. 

significant items. Her last menstrual period 
occurred at the age of fifty-two. There was no 
subsequent bleeding or vaginal discharge. 

The patient was an obese, elderly white 
woman who was lying flat in bed without ap- 
parent distress. She was cooperative but had a 
poor memory. Her temperature was 36.8°c., 
pulse 90 per minute, respiration 18 per minute 
and blood pressure 120/78 mm. of Hg. There 
was no cyanosis. Slight periorbital edema was 
noted. The pupils were equal and regular and 
reacted normally to light and accommodation. 
The extra-ocular movements were normal. The 
retinal arteries were moderately sclerotic. Both 
tympanic membranes were thickened. The nose, 
mouth and pharynx were normal. The thyroid 
gland was moderately and symmetrically en- 
larged. There was an increase in the anteropos- 
terior diameter of the chest. The breasts were 
senile, atrophic and pendulous. The breath 
sounds over both lungs were diminished in 
intensity and bilateral basal rales were heard. 
The heart was enlarged. The PMI was felt in the 
fifth left interspace 2 cm. lateral to the mid- 
clavicular line. No murmurs were heard. The 
cardiac sounds were distant but had a good 
quality. Az equaled P». The rhythm was regular. 
The abdomen was obese. There was no shifting 
dullness. The liver edge could be palpated 6 cm. 
below the right costal margin. There was slight 
tenderness over both costovertebral angles. 
Mild sacral edema was noted. Examination of 


* From the Division of Pathology, University of California Medical School, San Francisco, Calif. 
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the pelvis, rectum and nervous system revealed 
nothing abnormal. Except for the edema of the 
legs the extremities were normal. 

Examination of the blood on October 16, 
1945, give the following data: Hemoglobin 118 
per cent (17 Gm.); erythrocytes 5,000,000 per 
cu. mm.; leukocytes 7,400 per cu..mm.; neu- 
trophilic leukocytes 60 per cent (filamented 55 
per cent, nonfilamented 5 per cent); lympho- 
cytes 38 per cent and monocytes 2 per cent. The 
urine was clear and yellow with a specific 
gravity of 1.020, albumin 4 plus, no sugar, 
occasional granular casts, 3 to 4 white blood 
cells per high power field and no red blood cells 
present. 

Chemical investigation of the blood on 
October 17, 1945, showed a total serum protein 
of 4.27 Gm. per cent; albumin 1.9 Gm. per 
cent; globulin 2.37 Gm. per cent; COs combin- 
ing power 21.6 mEq./liter; serum chlorides 
110.2 mEg./liter; non-protein nitrogen 24 mg. 
per cent and blood urea nitrogen 12 mg. per 
cent. 

An Addis count done on a twenty-four hour 
urine specimen on October 19, 1945, showed the 
following: Volume 1 liter; specific gravity 1.013; 
pH 7; protein 13.5 Gm. per liter; leuko- 
cytes 18,000,000; erythrocytes 1,000,000; casts 
500,000, all hyaline. The plasma cholesterol was 
384 mg. per cent. Cultures of the urine showed 
no growth. 

The basal metabolic rate on October 23, 1945, 
was plus 5 per cent. The phenosulfonthalein test 
gave the following results: twenty minutes, 5 per 
cent excretion; thirty minutes, 35 per cent excre- 
tion; sixty minutes, 15 per cent excretion; 
ninety minutes, 10 per cent excretion; a 65 per 
cent total excretion. | 

The rose bengal hepatic function test showed 
61 per cent retention of the dye in eight minutes 
and 42 per cent retention in fifteen minutes. 
Kolmer and Kline tests of the blood were 
negative. 

An electrocardiogram showed an abnormal 
record of no characteristic pattern, suggesting 
myocardial disease. There was moderate left 
axis deviation and low voltage. There also were 
slightly depressed S-T segments in leads 1 and 
1v, diphasic T; and low Ty. Roentgenograms of 
the chest revealed elongation and widening of 
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the aorta, fibrosis at the right apex and bilateral 
basal pleural thickening. 

Her clinical course while in the hospital was 
afebrile. There was a weight loss of 6.4 Kg. and 
almost complete disappearance of the edema. 
She was given a diet containing 50 Gm. of 
protein and less than 2 Gm. of sodium chloride 
per day. The clinical diagnosis was chronic 
glomerulonephritis (nephrotic stage). 

The patient entered the hospital again on 
November 24, 1945. With unrestricted activity 
at home her legs again became edematous, in 
spite of a salt-free diet. Constipation and rectal 
discomfort continued. On November 17, 1945, 
she awakened with a mild chill, slight dyspnea, 
a temperature of 39.5°c. and a gradual onset of 
severe pain in the anterior right thorax. The 
symptoms were accompanied shortly by a mild, 
dry, non-productive cough. After two and one- 
half days of sulfanilamide therapy the fever 
subsided, but the orthopnea, dyspnea and cough 
persisted. 

The physical examination revealed that the 
patient was apprehensive, slightly cyanotic, very 
orthopneic but alert and cooperative. Her tem- 
perature was 37.8°c., pulse 100 per minute, 
respirations 30 per minute and blood pressure 
115/70 mm. of Hg. There was moderate pitting 
edema of both ankles. The periorbital edema was 
still present. There was slight redness of the 
posterior pharynx. The trachea was deviated to 
the right. There was symmetrical enlargement 
of the thyroid gland. Expansion of the chest was 
limited. There were physical signs of bilateral 
pleural effusion, from the sixth interspace 
downward on the right and the eighth interspace 
downward on the left. Generalized rhonchi 
and moist rales were heard in the upper pul- 
monary fields, both anteriorly and posteriorly. 
The point of maximum cardiac impulse was not 
palpable. The heart was enlarged 4 cm. to the 
left of the midclavicular line in the fifth inter- 
space; the position of the right border could not 
be ascertained. There was a split M;. A: 
equaled P:. The cardiac sounds were distant 
and of poor quality. There were no murmurs. 
There was mild pitting edema of the abdominal 
walls. The edge of the liver extended 5 cm. 
below the right costal margin and was not 
tender. Examination of the remainder of the 
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abdomen, back, rectum and genitalia showed 
nothing abnormal. The legs were grossly 
edematous. 

Examination of the blood gave the following 
data: Hemoglobin 106 per cent (15.5 Gm.); 
leukocytes 10,600 per cu. mm.; neutrophilic 
leukocytes 76 per cent (filamented 61 per cent, 
non-filamented 15 per cent); eosinophilic leuko- 
cytes 2 per cent; lymphocytes 14 per cent; 
monocytes 8 per cent; uncorrected sedimenta- 
tion rate 9 mm.; packed cell volume 50 and 
corrected sedimentation rate 16 mm. The urine 
was orange and turbid, pH 7.5, specific gravity 
1.027, albumin 4 plus, sugar-green reduction, 
5 hyaline casts, 2 granular casts, 8 waxy casts 
and 1 broad cast per slide; 120 leukocytes per 
high power field with no red blood cells present. 
Many additional urine specimens examined 
during the next six weeks gave similar findings. 
The feces contained 1 plus occult blood. The 
venous pressure was 8.2 cm. of saline. The arm 
to tongue circulation time (decholin) was 14 
seconds. 

Roentgenograms of the chest on November 
25, 1945, showed moderate, bilateral pleural 
effusion extending to the third interspaces 
anteriorly. The visible portions of the lungs were 
clear except for the previously noted fibrosis at 
the right apex. There was slight displacement of 
the mediastinum to the right. Cultures of the 
blood showed only contaminating diphtheroids 
in forty-eight hours. 

Right thoracentesis yielded dark, sanguineous 
fluid with a specific gravity of 1.010, 3,000 red 
blood cells per cu. mm., 2,300 leukocytes per 
cu. mm, lymphocytes 37 per cent and neutro- 
philic leukocytes 67 per cent. Culture of the 
fluid showed no growth and no acid-fast organ- 
isms could be demonstrated by guinea pig 

Chemical examination of the blood on No- 
vember 26, 1945, showed the following: Non- 
protein nitrogen 35 mg. per cent; total serum 
protein 5.0 Gm. per cent; albumin 2.1 Gm. per 
cent; globulin 2.9 Gm. per cent; CO; combining 
power 25.1 mEq./liter; serum chlorides, 98.4 
mEq./liter. On December 3, 1945, the non- 
protein nitrogen level of the blood was 35 
mg. per cent, the CO; combining power, 24.7 
mEq./liter and the serum chlorides, 105.6 


AMERICAN JOURNAL OF MEDICINE 


767 


mEq./liter. Cultures of the sputum showed the 
predominant organisms to be Streptococcus 
viridans and non-hemolytic Staphylococcus 
albus. 

On November 28, 1945, examination of the 
blood gave the following data: Hemoglobin 
100 per cent (14.5 Gm.); leukocytes 16,400 per 
cu. mm.; neutrophilic leukocytes 82 per cent 
(filamented 54 per cent, non-filamented. 28 per 
cent); lymphocytes 10 per cent and monocytes 
8 per cent. 

No acid-fast organisms were. demonstrated in 
the sputum by repeated smears and guinea pig 
inoculation. Cultures of the blood showed no 
growth. There were no pneumococci in the 
sputum. 

An electrocardiogram on November 30, 1945, 
showed the following: Rate 125; sinus tachy- 
cardia; P-R 0.18 sec.; low voltage QRS complex; 
slight left axis deviation; flat T waves in all leads 
and low 

On December 10, 1945, examination of the 
blood showed the following: Hemoglobin 84 per 
cent (12.3 Gm.); erythrocytes, 3.7 million per 
cu. mm.; leukocytes 9,200 per cu. mm.; neu- 
trophilic leukocytes 82 per cent (filamented 56 
per cent, non-filamented 26 per cent); lympho- 
cytes 15 per cent and monocytes 3 per cent. 

An additional roentgenogram of the chest on 
January 4, 1946, showed less extensive pleural 
effusion than previously. There was a 2 cm. 
rounded density superimposed upon the shadow 
of the right fifth rib anteriorly. There was bi- 
lateral basal pleural thickening. 

From November 24, 1945 until December 11, 
1945, the patient’s temperature ranged between 
38° and 39°%c., and from December 11th to 
December 17, 1945, it was normal. For the next 
six days it remained elevated between 37.5° 
and 38°%c. and was normal thereafter until the 
time of death. It was felt that there was a bi- 
lateral pneumonitis underlying the bilateral 
pleural effusion. A salt-free diet, which con- 
tained 80 Gm. of protein, was fed to her. 
Oxygen was administered continuously through 
a B.L.B. mask at the rate of 8 liters per minute. 
Fifty thousand units of penicillin were given 
intramuscularly every four hours and 200,000 
units were administered intravenously on several 
occasions. Large quantities of plasma, ordinarily 
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500 cc. per day, were given between November 
29th and December 17, 1945. This was given 
primarily to combat the lowered blood pressure 
which rarely was above 85 mm. of Hg systolic. 
- Several transfusions of whole blood were ad- 
ministered during this period. Mercurial diu- 
retics and digitalis were given intermittently. 

Because no response to this regimen was ap- 
parent by December 18, 1945, and because the 
patient’s status seemed hopeless, all therapy was 
discontinued and only morphine for discomfort 
and ammonium chloride to produce diuresis 
were given. During the next three weeks there 
was an apparent complete clearing of the 
pneumonic process. The blood pressure remained 
below 90 mm. Hg systolic. Throughout the ill- 
ness the patient was anorexic and her intake of 
protein was far below the prescribed amount. 

On January 12, 1946, the patient climbed 
over the side rail of the bed and fell to the floor. 
There was no evidence of injury but later during 
the day her temperature suddenly became ele- 
vated to 38°c., coarse tracheal rhonchi appeared 
the pulse rate rose to 144, the patient became 
extremely dyspneic and cyanotic and expired 
within a few hours. 

The autopsy (UA.46:6) was performed four 
and one-half hours after death. The body was 
extremely obese and there was massive edema of 
the subcutaneous tissues, especially in the lower 
extremities. The head, eyes, ears, nose and 
mouth were not grossly altered. One to 2 mm., 
slightly elevated, brown, macular and reddish 
angiomatous lesions were present on both fore- 
arms. The peritoneal cavity was normal and did 
not contain an excessive amount of fluid. The 
liver edge lay between 2 and 4 cm. below the 
costal margins and the xiphoid process. 

The right pleural cavity contained approxi- 
mately 3,000 cc. of clear yellow fluid and clotted 
fibrin. About 1,000 cc. of similar material were 
present in the left pleural cavity. There were 
both fibrous and fibrinous pleural adhesions at 
the apices and the bases. No thymic glandular 
tissue was evident. The pericardial cavity con- 
tained 100 cc. of clear fluid and there was no 
alteration of the pericardial surfaces. 

The heart weighed 360 Gm. It had a smooth, 
glistening visceral pericardium which contained 
a normal amount of fat. The ventricular myo- 


Nephrosis in Primary Amyloidosis—Lindsay 


cardium, especially on the left side, was firm and 
had a pale yellowish-tan color. Throughout the 
left ventricular wall, especially near the apex, 
narrow, fine, grayish, translucent streaks were 
visible between the muscular bundles. This 
material stained a deep mahogany brown with a 
strong solution of iodine, U.S.P. The left 
ventricle averaged 1.5 cm. in thickness and the 
right ventricle 0.5 cm. in thickness. The left 
auricular wall was thickened, measured 3 mm.. 
in thickness and had a leathery consistency. The 
right auricular wall averaged only 1 mm. in 
thickness and was of normal consistency. The 
left ventricular endocardium was normal. The 
endocardium of both auricles was studded with 
tiny, 0.5 mm., slightly elevated, rounded, 
translucent, grayish nodules. Several 2 mm., 
pale, yellow, fibrous nodules were noted in the 
endocardium of the right ventricle. The aortic 
and mitral valves contained small, yellow, 
atheromatous plaques. Approximately 0.5 cm. 
from the free edge of the left leaflet of the tri- 
cuspid valve was a subendothelial, translucent, 
ovoid nodule measuring 0.5 cm. in diameter. 
The valves measured as follows: AV 7.5 cm., 
MV 10 cm., PV 8 cm. and TV 12.5 cm. There 
was no gross alteration of the coronary arteries; 
the coronary ostia were patent. Moderate 
dilatation of the right side of the heart, especially 
of the right auricle, was present. A large, firmly 
adherent, dry, friable, antemortem thrombus 
was found in the right auricular appendage. 
The right lung weighed 540 Gm. and the left 
lung 480 Gm. The mucosa of the major and 
smaller bronchi was congested. There were scat- 
tered yellowish opaque, atheromatous plaques 
in the intima of the major branches of the pul- 
monary artery. Several of these arterial branches 
contained adherent, dry, firm, twisted, ante- 
mortem thrombi. Both lungs were diffusely 
congested and edematous. Posteriorly and 
inferiorly they were partially atelectatic, the 
result of pressure by the pleural fluid. Two 
wedge-shaped infarcts, measuring 3 and 5 cm. 
in diameter respectively, were found in the 
lower and lateral portions of the lower lobe of 
the left lung. The larger was of more recent 
origin and had a reddish wet surface; the smaller 
was pale and firm. The main pulmonary artery 
of the lower lobe of the left lung was completely 
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obstructed by an antemortem thrombus. In the 
lower lobe of the right lung and in the apex 
of the right lung similar 3 to 4 cm., triangular- 
shaped infarcts were demonstrated. The pleural 
surfaces were smooth and glistening. The hilar 
lymph nodes showed nothing abnormal. 

The liver weighed 1,480 Gm., and was normal 
in size and appearance. No amyloid could be 
demonstrated by staining with a strong solution 
of iodine, U.S.P. There was mild thickening of 
the wall of the gallbladder and the lumen con- 
tained several facetted 1.5 cm. cholesterol 
stones. A similar stone was found in the cecal 
lumen. The extrahepatic bile ducts and pancreas 
were normal. The spleen weighed 120 Gm. Its 
capsule was smooth. The cut surface had a deep 
red color and a fibrous, dry consistency. The 
gastroenteric tract had a grossly normal 


appearance throughout its extent. The mesen. - 
teric and preaortic lymph nodes were small. | 


The adrenal glands were of normal size; an 
occasional adenomatous nodule was noted in the 
cortical layers. 

The right kidney weighed 240 Gm., and the 
left 250 Gm. The blood vessels of the renal 
pedicles were normal. The capsules were slightly 
adherent and the subcapsular surfaces were 
finely granular, pitted and pale yellow in color. 
On the cut surfaces the cortical layers appeared 
pale and yellow in color. They were soft, opaque 
and striated; the demarcation from the deep red 
medullas was less distinct than normal. Punctate, 
deep brown spots appeared throughout the 
cortical layers when the tissue was stained with a 
strong solution of iodine, U.S.P., indicating the 
presence of amyloid substance in the glomeruli. 
There was slight dilatation of the renal pelves 
and a few small petechial mucosal hemorrhages 
were observed. The ureters and bladder were 
normal. The internal genitalia were atrophic 
but otherwise not unusual. Minimal athero- 
sclerosis was evident in the aorta. The thyroid 
gland was moderately enlarged; its substance 
had a normal color and consistency. On the 
posterior capsule of the thyroid gland four 
parathyroid glands were found; these were en- 
larged approximately two to three times. The 
brain weighed 1,240 Gm. The meninges were 
grossly normal. The external blood vessels 
showed no thickening of their walls. Both ex- 
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ternally and on section the cerebral hemispheres, 
the cerebellum and the brain stem were entirely 
normal. The pituitary gland was of normal size. 

Microscopically all portions of the examined — 
myocardium were distinctly altered. There was 
extensive interstitial and pericellular deposition 
of hyaline, eosinophilic material which stained 
specifically for amyloid substance with the 
Congo red and crystal violet stains. (Fig. 1.) The 
pericellular amyloid formed an imprisoning 
sheath or ring about the individual muscle 
fibers. Where the rings were thicker and the 
interstitial amyloid most abundant the myo- 
cardial fibers were atrophied or completely 
absent. Other muscle cells showed degenerative 
changes with vacuolization and deposition of 
pigment granules. In most myocardial regions 
the fibers appeared essentially normal, even 
though all were surrounded by amyloid rings of 
varying thicknesses. Narrow amyloid deposits 
also surrounded the individual fat cells of the 
epicardial layer. The amount of subendothelial 
endocardial amyloid varied in different portions 
of the heart. It was most abundant in the right 
auricular wall where the material often projected 
into the cardiac lumen. Here it was generally 
covered by an endothelial layer. In the right 
auricle an organizing antemortem thrombus 
lay immediately adjacent to the large, endo- 
cardial amyloid deposits. Almost all the blood 
vessels of the heart, including arteries, veins and 
capillaries, contained small, subendothelial, 
rounded, irregular, amyloid deposits. None of 
these seriously narrowed the lumen of these ves- 
sels. All of the cardiac valves contained small, 
deep, interstitial, amyloid deposits; this material 
formed the translucent nodule seen in the tri- 
cuspid valve. 

Almost all the pulmonary arteries, veins and 
arterioles contained amyloid deposits in their 
walls. The branch of the pulmonary artery lead- 
ing to the lower lobe of the left lung contained 
large, irregular amyloid clumps, chiefly in a 
subendothelial situation. The lumen of this ves- 
sel was largely occluded by a well organized 
thrombotic mass. In other large pulmonary 
arteries where the amyloid was less abundant, 
thrombi of more recent origin without organiza- 
tion were noted. In the smaller vessels containing 
the most abundant amyloid thrombosis had also 


Fic. 1. Pericellular amyloid infiltration in the myo- 
cardium; hematoxylin and eosin X 500. 


occurred. Almost all the alveolar walls were 
thickened as the result of amyloid deposition 
about the capillaries of the alveolar walls. The 
pulmonary infarcts were hemorrhagic and 
showed varying degrees of surrounding inflam- 
matory reaction and organization. Adjacent to 
the infarcts the vascular amyloid infiltration, 
thrombosis and vascular obstruction were 
greater than elsewhere. In the pulmonary 
parenchyma the small bronchi and bronchioles 
contained purulent exudate. 

The hepatic parenchyma was essentially nor- 
mal except for mild congestion of the central 
sinusoids. Subendothelial amyloid deposits were 
observed in almost all the small hepatic arteries. 
There was lymphoid atrophy of the spleen. The 
central arteries and arterioles were thickened 
and hyalinized but only a few contained amyloid 
material. The splenic pulp was fibrotic and the 
reticuloendothelial cells often contained brown 
pigment. Except for one small zone of interstitial 
fibrosis the pancreatic parenchyma was nonnal. 
A small number of the arterioles contained 
subendothelial amyloid deposits. Similar vas- 
cular deposits were present in the wall of the 
gallbladder. 

All portions of the gastroenteric tract showed 
a similar histologic alteration. There were ex- 
tensive amyloid deposits in the walls of the 
mucosal and submucosal blood vessels, including 
arteries, veins and. capillaries. (Fig. 2.) Peri- 
cellular amyloid deposits were observed about 
the individual smooth muscle cells and also 
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Fic. 2. Amyloid infiltration of duodenal blood vessels; 
hematoxylin and cosin X 120. 


surrounding the fat cells of the subserosal layer. 
The most extensive muscular involvement was 
in the muscularis mucosa. The largest amyloid 
deposits were in the stomach and duodenum, 
with considerably less in other portions of the 
gastroenteric tract. The cellular layers of the 
adrenal glands were not significantly altered, 
although there were small masses of amyloid 
material in the walls of the smaller capsular 
vessels and about the fat cells in the periadrenal 
tissues. 

With few exceptions the renal glomeruli con- 
tained pericapillary amyloid deposits. (Fig. 3.) 
Almost all the glomerular capillaries were 
narrowed but only a few glomeruli had been 
completely replaced by amyloid substance. The 
endothelial and epithelial cells of the damaged 
glomeruli were compressed and atrophic; there 
was no cellular proliferation. In most of the 
glomeruli, Bowman’s capsule was thin and 
normal; in a few, the capsule showed a fibrous 
or amyloid thickening. Some afferent arterioles 
contained subendothelial amyloid deposits while 
some were occluded by this process. The tubules 
were severely damaged, especially those of the 
convoluted group. Many were dilated and 
nearly all contained hyaline casts. There was 
considerable cellular swelling; lipid droplets 
were often encountered in the degenerating 
cells. Capillary amyloid infiltration outside of 
the glomeruli was not demonstrated but there 
were many small interstitial amyloid deposits in 
the cortical layers. Small accumulations of 
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interstitial lymphocytes and zones of scarring 
were scattered throughout the cortical layers and 
were most numerous in areas where the amyloid 
infiltration was greatest. The small vessels in the 
medulla and pelvic tissues contained subendo- 
thelial amyloid deposits. The arcuate arteries 
showed only minimal amyloid infiltration. The 
pelvic submucosa was edematous and showed 
small hemorrhages and lymphocytic collections. 

The layers of the bladder were normal but 
almost all the arterioles contained amyloid 
masses. The internal genitalia were atrophic but 
not otherwise unusual. Only a few of the small 
ovarian and tubal blood vessels contained amy- 
loid deposits. There was atrophy of the breast 
parenchyma. Small amounts of capillary amy- 
loid were present in the pituitary gland. The 
thyroid acini were slightly reduced in size, were 
lined by tall cuboidal epithelium and were filled 
with evenly staining colloid which was vacuo- 
lated at the margins. There was amyloid infiltra- 
tion of the walls of the small thyroid arteries 
and about the fat cells near the capsule. Even 
though the parathyroid glands were enlarged 
there was no cellular hyperplasia. The increase 
in size was the result of extensive amyloid deposi- 
tion in the interstitial connective tissues sur- 
rounding the individual stromal fat cells. (Fig. 
4.) Compression and destruction of some of the 
glandular tissue had occurred. A few small, 
typical atheromatous plaques were noted in the 
aortic intima. The media was not altered. There 
were a few small vessels in the adventitial layer 
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Fic. 4. Parathyroid amyloid infiltration; hematoxylin 


Fic. 3. Glomerular amyloid infiltration; hematoxylin 


and cosin X 500. 


which were infiltrated with amyloid material. 
All the lymph nodes had a normal histologic 
appearance and contained no amyloid. There 
were only a few small interstitial masses of 
amyloid substance present in the dermal layer 
of the skin. The bone marrow showed a normal 
cellular distribution; amyloid material and 
plasma cells were absent. The central nervous 
system had an entirely normal microscopic 
appearance and contained no demonstrable 
amyloid material. 


COMMENTS 


In secondary amyloidosis the kidney is a 
common site of amyloid deposition. The 
variability of the manifestations of renal 
amyloidosis depends upon the amount and 
extent of the amyloid infiltration.‘ Minimal 
amounts of glomerular amyloid produce 
insufficient injury to cause albuminuria. 
With larger amounts of glomerular amyloid 
there is a more severe glomerular injury 
which is then associated with albuminuria. 
This may lead to hypoproteinemia, lowering 
of the osmotic pressure of the plasma 
and generalized edema. With still greater 
glomerular, vascular and interstitial amy- 
loid deposition, renal insufficiency, at times 
associated with hypertension, follows. It is 
apparent that amyloid nephrosis is a type 
of moderately advanced renal amyloidosis 
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and that the lipid degenerative changes in 
the tubules are the result of diminution of 
glomerular blood flow.°* 

Of the forty-eight recorded cases of prim- 
ary systemic amyloidosis twenty-five had 
some degree of renal amyloidosis. In the ma- 
jority of these there was minimal glomerular 
or vascular amyloid infiltration, associated in 
a few instances with albuminuria as the 
only manifestation. In three patients there 
was a progressive, fatal azotemia.*”"* In 
Gerber’s case® a nephrotic syndrome, asso- 
ciated with hypercholesterolemia, normal 
renal function, albuminuria, a positive 
Congo red test and normal blood pressure, 
persisted for over two years and was followed 
by renal insufficiency and hypertension, the 
result of increasing amyloid infiltration of 
the kidneys. In an additional case recorded 
by Christian,’® and later by Dillon and 
Evans,'' a typical nephrotic syndrome!? was 
the outstanding manifestation of amyloido- 


sis of the primary type. 
SUMMARY 


A fatal case of primary systemic amy- 
loidosis is reported. The patient was a sixty- 
six year old woman who presented the 
clinical and laboratory signs of nephrosis. 
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Widespread amyloid infiltration was demon- 
strated at autopsy and renal amyloidosis 
accounted for the nephrotic syndrome. 
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GLuTAMIC ACID AND VomMITING IN Docs: 
A ComPARISON OF ITs ADMINISTRATION 
INTO THE PoRTAL SYSTEM AND EXTREMITY 
Veins. A. G. Lasichak, M.D. and S. 
Levy, Ph.D. (by invitation), Eloise, Michi- 
gan. (From the Wayne County General 


Hospital.) 


It has been shown that the intravenous ad- 
ministration of glutamic acid may produce 
nausea and vomiting in both man and animals. 
However, large amounts of glutamic acid may 
be taken orally without producing these reac- 
tions. This difference may be due to the réle of 
the liver in detoxifying the orally administered 
glutamic acid. In this study two routes were 
used for infusion into the portal system: the 
intrasplenic route and direct injection into the 
portal vein. The first method was achieved by 
transplanting the spleen subcutaneously in five 
dogs and administering the solution of glutamic 


acid directly into the spleen by means of a _ 


needle. Direct infusion into the portal vein was 
accomplished by using a modified London 
angiostomy technic in two dogs. All animals 
received an infusion of 1.4 Gm. of glutamic acid 
and 0.4 Gm. of sodium bicarbonate per 100 ml. 
The solution was injected at a constant rate 
until vomiting occurred, and the volume neces- 
sary to produce vomiting was used as an index 
of tolerance. In all of the twenty-six tests carried 
out the amount of glutamic acid infused intra- 
portally exceeded the amount given intra- 
venously for any given animal. The blood 
amino acid nitrogen and urea plus ammonia 
nitrogen were determined. No striking differ- 
ences were found. The results indicate that 
intraportal administration of glutamic acid is 
better tolerated than the intravenous route 
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because of detoxification by passage through the 

liver. 

RENAL FUNCTION IN GENERAL ANESTHESIA: 
A CunicaL Stupy oF CHLOROFORM. 
E. B. Cohen, M.D., Madison, Wisconsin. 
(From the Departments of Medicine and 
Anesthesiology, University of Wisconsin 
Medical School.) 


Eighty patients subjected to major piietast 
procedures were studied before and after opera- 
tion. In forty instances the anesthetic agent was 
chloroform, and in forty cases a general anes- 
thetic agent other than chloroform was used. 
These control cases were: ether, twenty; 
cyclopropane, seven; tribromethanol, seven; 
vinethene, six. Anesthesia was of long duration 
averaging two hours for both the chloroform 
and the control groups. The operations per- 
formed were all extensive. There were no 
important differences in sex incidence or age 
distribution. 

Over 200 urea clearance and PSP excretion 
tests and a larger number of NPN determina- 
tions and urinalyses were done in the early 
postoperative period. No significant differences 
in renal function between the forty chloroform 
and forty control cases were observed. Similarly, 
serial postoperative blood sugar and alkali 
reserve determinations showed no notable dif- 
ferences between the chloroform and control — 
groups. 

It is suggested that the postoperative de- 
rangements of homeostasis and renal function 
often attributed to the toxic effects of anesthetic 
drugs on the kidney are actually extrarenal in 
origin. The uniformity of apparent depression 
of renal function which we have observed 
regardless of the agent used would support this 
conclusion 
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TRANSPORT AND EXCRETION OF URIc ACID 
IN Man. 111. PHysioLoGic SIGNIFICANCE OF 
THE Uricosuric EFFECT OF CARONAMIDE. 
W. Q. Wolfson, M.D., C. Cohn, M.D., R. 
Levine, M.D. and B. Huddlestun, M.D. 
(by invitation), Chicago, Illinois. (From the 
Departments of Biochemistry and Me- 
tabolic and Endocrine Research, Medi- 
cal Research Institute, Michael Reese 
Hospital.) 

In normal adults following oral administra- 
tion of a single 4.6 Gm. dose of caronamide the 
true urate excretion increases from 50 to 120 
per cent within two hours. Simultaneously the 
plasma urate falls slightly and the urate clear- 
ance increases to about twice its original value. 
The glomerular filtration rate remains at about 
the fasting value. 

This effect is similar to that produced by 
other drugs (cinchophen, salicylate, diodrast, 
salyrgan) all of which produce a simultaneous 
increase in minute excretion of urate and a de- 
crease in plasma urate concentration. This pat- 
tern of pharmacologic actions has been termed 
the “‘uricosuric effect.” 

Most previous workers believed the uricosuric 
effect to be due to inhibition of tubular reab- 
sorption of urate but a number of considerations 
indicate that this is improbable. Both carona- 
mide and benzoate block the tubular excretion 
of penicillin; yet caronamide has a uricosuric 
effect while benzoate has precisely the opposite 
effect upon urate excretion. Both sorbitol and 
mannitol are cleared at the glomerular filtration 
rate; but sorbitol gives a striking uricosuric 
effect while its stereoisomer, mannitol, does not. 
Certain other substances which produce the 
uricosuric effect are effective in such small 
amounts that it is difficult to believe their action 
to. be due to direct blocking of a tubular reab- 
sorptive mechanism. A list of more than forty 
uricosuric agents which we have compiled in- 
cludes substances excreted by filtration and 
reabsorption, by filtration and tubular excre- 
tion, and by filtration alone. Such diversity of 
excretory mechanisms makes it improbable that 
all share the ability to block the reabsorption of 
urate by the tubules. 

Elsewhere we have presented data which 
indicate that there is normally little or no 
tubular reabsorption of urate. All of the urate 
passing the glomerulus appears to be excreted 
in the urine, with the possible exception of a 
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small fraction undergoing back-diffusion. This 
appears to depend upon the fact that only a 
small proportion of the plasma urate is freely 
diffusible through the human glomerulus. The 
action of caronamide, and possibly that of the 
other uricosuric drugs, may be understood by 
postulating that such agents increase the frac- 
tion of the plasma urate which passes the 
glomerular filter. 


OcCURRENCE OF GasTRIC NEOPLASMS IN 
Youtu. M. Block, M.D., A. H. Gniep, 
M.D. (by invitation) and H. M. Pollard, 
M.D., Ann Arbor, Michigan. (From the 
Department of Internal Medicine, Uni- 
versity of Michigan.) 


The primary obstacle to making a diagnosis 
of carcinoma of the stomach in youth appears 
to be the patient’s age. Since only limited in- 
formation is available, it was believed that the 
usual clinical dictum that a gastric lesion in a 
patient below the age of thirty-one is probably 
benign was not necessarily justified. 

In a study of this problem the following in- 
formation was obtained: (1) A survey of the 
occurrence of carcinoma of the stomach during 
a twenty-year period (1925 to 1945) at the Uni- 
versity Hospital revealed that there were 1,913 
carcinomas in a total of 453,400 registrations. 
This is an incidence of 0.42 percent. (2) Of the 
1,913 carcinomas during this period, twenty 
cases occurred in patients below the age of 
thirty-one (an incidence of 1.04 per cent of all 
gastric carcinomas seen). Seventeen of these 
twenty cases had metastases when first examined, 
and the diagnosis of carcinoma was usually de- 
layed because benign gastric ulcer was generally 
considered in view of the patient’s youth. (3) 
During the same twenty-year period, fifty-three 
other gastric lesions occurred in the same age 
group (fifty benign gastric ulcers, two gastric 
lymphoblastomas and one gastric lues). (4) 
These figures demonstrate that all gastric lesions 
are rare in patients below the age of thirty-one, 
but when a gastric lesion does occur, the proba- 
bility of its being neoplastic is at least 30 per cent. 
HEMOCHROMATOSIS WITH APLASTIC ANEMIA. 

F. R. Schemm, M.D., E. Hildebrand, M.D. 

(by invitation), F. H. Crago, M.D. (by invi- 

tation) and 7. A. Layne, M.D., Great Falls, 

Montana. (From the ts of 

Medicine and Pathology, Great Falls 

Clinic.) 
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Severe anemia is an uncommon finding in 
hemochromatosis. However, several cases of 
aplastic anemia accompanying hemochroma- 
tosis have been reported. We have observed a 
fifty year old man whose principal complaint 
was weakness. Physical examination was essen- 
tially normal. Examination of the blood revealed 
a slight anemia and leukopenia, a prolonged 
bleeding time and a complete lack of clot re- 
traction at forty-eight hours. The bone marrow 
was found to be active and the proportion of 
cells normal. There was no hematologic re- 
sponse to iron or liver therapy. The erythrocyte 
and leukocyte counts gradually declined. A 
diagnosis of primary splenic neutropenia was 
entertained and splenectomy was performed. 
A histopathologic diagnosis of hemochromatosis 
was made. The patient failed to respond clinic- 
ally and the hemotologic findings remained 
unchanged. Repeated blood transfusions were 
necessary to maintain life. Glycosuria was never 
demonstrated but the glucose tolerance curve 
was elevated. About four years after onset of 
symptoms the patient died. Necropsy revealed 
iron pigment in most of the parenchymatous 
organs except the pancreas. 

This man was continuously employed for 
many years in a copper refinery. Mallory and 
others have drawn attention to the association 
of hemochromatosis with exposure to copper. 
This case supports this concept. 


QUANTITATIVE EsTIMATION OF STERNAL BONE 
Marrow ActTIivITy IN PERNICIOUS ANE- 
MIA. A. S. Weisberger, M.D. (by invitation) 
and R. W. Heinle, M.D., Cleveland, Ohio. 
(From the Department of Medicine, 
School of Medicine, Western Reserve 
University.) 

Estimation of the activity of the sternal mar- 
row based upon the values of the nucleated cell 
count, myeloid-erythroid volume and fat con- 
tent obtained from 1.0 ml. of aspirated material 
is frequently unreliable. When these values are 
compared with the actual histologic appearance 
of the marrow, wide discrepancies are sometimes 
encountered. This is especially true in cases in 
which the bone marrow is composed of densely 
packed cohesive cells, as in pernicious anemia in 
relapse. 
In this study the histologic appearance of the 
sternal marrow was compared with the values 
for the nucleated cell count and volumetric 
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pattern obtained from 1.0 ml. of aspirated ma- 
terial in cases of pernicious anemia. Histologic 
sections of marrow particles, the nucleated cell 
count and the volumetric pattern were all ob- 
tained from the same sample. 

In most patients with pernicious anemia in 
relapse, low values were obtained for the nu- 
cleated cell count and myeloid-erythroid vol- 
ume, indicating normal or decreased activity. 
However, the histologic sections revealed densely 
packed, markedly hyperactive marrow. In the 
cases of treated pernicious anemia the values for 
the nucleated cell count and myeloid-erythroid 
volume were within normal limits and the his- 
tologic sections showed normal cellular activity. 

The lack of correlation between the nucleated 
cell count, myeloid-erythroid volume and his- 
tologic appearance in cases of pernicious anemia 
in relapse is thought to be due to the density 
and cohesiveness of the marrow which resists 


separation on aspiration. 


ABSORPTION AND EXCRETION OF CHORIONIC 
GONADOTROPHIN. W. E. Brown, M.D. 
and 7. 7. Bradbury, Sc.D. (by invitation), 
Towa City, Iowa. (From the Department of 
Obstetrics and Gynecology, University 
of Iowa.) 


Human chorionic gonadotrophin has been 
shown to have a luteotrophic function in the 
woman. In appropriate dosage it will induce a 
pseudopregnancy as demonstrated by a delay 
in menses, persistence of pregnandiol excretion, 
prolongation of the life of the corpus luteum, 
decidual changes in the endometrium and a 
positive Aschheim-Zondek reaction. Five thou- 
sand I. U. daily was shown to be a minimum 
effective dose when the hormone was given in- 
tramuscularly in aqueous solution. 

Because of the cost and difficulty in preparing 
a pryrogen-free material for intramuscular use, 
studies were undertaken to find, alternate 
methods for administering this hormone. Chori- 
onic gonadotrophin was given by various routes 
to a series of women in doses ranging from 2,500 
to 1,000,000 I.U. Urinary excretion of chorionic — 
hormone was determined by the Aschheim- 
Zondek reaction in rats. 

After intramuscular injection of 10,000 I. U. 
of gonadotrophin the hormone appeared in the 
urine in such quantities that it could be demon- 
strated in urine volumes equivalent to a three- 
minute output. Excretion occurred in the first 
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six hours after administration in aqueous solu- 
tion. When injected in a wax and oil medium 
the rise in urinary levels was delayed about 
eighteen hours. Consistently positive Aschheim- 
Zondek tests were not obtained with three- 
minute urine volumes later than thirty hours 
after an aqueous solution was given, whereas the 
tests were positive forty-eight hours after the 
wax preparation was injected. When the hor- 
mone was given as an emulsion, the urinary 
excretion findings indicated only a slight delay 
in initial absorption and persistence through 
the forty-eight-hour test period. 

When given orally in plain or salol-coated 
capsules in doses as high as 200,000 I.U., the 
hormone was not excreted in detectable amounts. 
When a Miller-Abbott tube was passed into the 
ileum and 300,000 I.U. of hormone was intro- 
duced, even a three-hour urine volume did not 
contain any trace of hormone, and increasing 
the dose to 1,050,000 I. U. resulted in only a 
trace of hormone in a three-hour urine volume. 
Similarly, 123,000 I. U. introduced as a reten- 
tion enema was followed by the appearance of 
only a small amount in the urine. From these 
experiments it is obvious that enteral adminis- 
tration is not feasible due to the destruction of 
the hormone in the gastrointestinal tract. 


EFFECT ON FETAL RESPIRATION OF METH- 
IDON ADMINISTERED DURING LABOR. A. C. 
Barnes, M.D. and (by invitation) F. B. 
Hapke, M.D., Columbus, Ohio. (From the 
Ohio State University Medical School.) 


The present study is concerned with the 
respiratory depressant effects on the fetus of 
methidon administered to the mother during 
labor. 

Ninety patients have been delivered under 
low spinal or caudal anesthesia. No drugs other 
than the ones under study were administered 
systemically. The times of the first fetal respira- 
tion and of the first lusty cry were clocked for 


each delivery. Thirty patients served as a con- 


trol group and received no systemic medica- 
tions. Thirty patients received methidon at 
varying intervals prior to delivery. Thirty pa- 
tients received demerol to serve as additional 
controls. 

On the basis of these studies we believe that: 
(1) The experimental method used here offers 
the most valid approach to the study of neonatal 
narcosis available to date. (2) Regardless of time 
intervals prior to delivery, 10 mg. of methidon 
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is without significant effect on fetal respiration. 
(3) A 15 mg. dose of methidon, if administered 
three hours or less before delivery, produces a 
significant delay in the first respiration and 
first lusty cry. If the time interval is greater 
than three hours, little depressant effect could 
be noted. (4) Methidon administered under 
these circumstances is a more marked respira- 
tory depressant than demerol. 


EFFECT OF GERMAN MEASLES DuRING PREG- 
NANCY. Stuart Abel, M.D. (by invitation) 
and 7. R. Van Dellen, M.D., Chicago, 
Illinois. 

A request for letters from mothers who had 
had German measles during pregnancy was in- 
cluded in a syndicated health column. They 
were asked to state the exact month of gestation 
that the illness occurred and the effect on the 
offspring. Over ninety replies were obtained 
and of these, eighty-two were considered ac- 
ceptable. The series includes two sets of twins, 
making a total of eighty-four children. 

Three stillbirths were recorded from mothers 
having German measles during the first tri- 
mester of pregnancy. Twenty-five of the children 
were normal at birth. In seven of these the 
mother contracted the disease during the first 
trimester, eleven during the second and seven 
in the last. Fifty-six of the infants were abnormal 
at birth, thirty-six with a single defect and 
twenty with more than one defect. In forty- 
four (76 per cent) of these, the mother told of 
having German measles during the first tri- 
mester of pregnancy, eight in the second, one 
in the third and unknown in three. Nineteen 
of the infants had congenital heart disease, 
seventeen had cataracts, fourteen were deaf, 
and seven were mentally deficient. Gastroin- 
testinal, eye, spinal and skeletal abnormalities 
also occurred in lesser numbers. 

The most serious defects or combination of 
defects occur in women having German measles 
during the first trimester; defects are less 
serious and more infrequent in the second. Only 
one abnormal child was born in the third tri- 
mester group. The diagnosis was cerebral palsy 
and was not considered to be related to the 
mother’s illness. 

Statistics obtained reveal that 87 per cent of 
the babies born of mothers having German 
measles during the first trimester were abnormal. 
No abnormalities developed in the third 
trimester. 
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CyciainE (D-109), A New ANEs- 
THETIC AGENT. R. M. Wylde, M.D. (by 
invitation), D. M. Waters, M.D. (by invita- 
tion) and O. S. Orth, M.D., Madison, 
Wisconsin. (From the Departments of 
Anesthesiology and Pharmacology, Uni- 
versity of Wisconsin. ) 

Cyclaine (D-109) is 1-cyclohexylamino-2 
propylbenzoate hydrochloride. Preclinical tests 
on experimental animals have indicated both a 
greater anesthetic potency and toxicity but a 
comparable therapeutic ratio to procaine. The 
duration of action was equivalent to pontocaine. 
A preliminary clinical evaluation of cyclaine 
for spinal analgesia has been made on forty 
patients. 

The site of dural puncture was at lumbar 3-4. 
Twenty-five to 35 mg. of the drug from a sterile 
0.5 per cent solution was used in seven patients. 


With this preparation onset of analgesia was . 


quite slow, requiring twenty to thirty minutes 
to develop completely. It then persisted for over 
two hours. 

In thirty-three patients ‘20 to 50 mg. was ad- 
ministered in a 1 per cent solution of spinal 
fluid. With this alteration analgesia occurred 
within sixty seconds and motor paralysis within 
three to six minutes. Analgesia lasted two hours 
or longer. The blood pressure declined com- 
parable to the response to other agents, and 
treatment was similar. Pulse rates also declined. 
There was slow localization of the level of 
analgesia. A progressive paralysis of the upper 
thoracic segments occurred in a patient placed 
in the Trendelenburg position fifteen minutes 
after administration of the drug. No serious 
complications were observed. 

Operations which have been performed in- 
clude inguinal herniorrhaphy, hemorrhoid- 
ectomy, vaginal hysterectomy, transurethral 

tic resection, excision of anal fissure, 
fulguration of bladder tumor, resection of car- 
cinomas of the sigmoid and cecum, cholecystec- 
tomy, gastrostomy and appendectomy. 


MuscuLarR SyMPTOMS OF ALLERGIC ORIGIN. 

Theron G. Randolph, M.D., Chicago, Illinois. 

Allergic muscle symptoms were described by 
Rowe as part of the clinical picture of “allergic 
toxemia,” more recently reviewed by the writer 
as the fatigue syndrome of allergic origin. This 
clinical reaction is usually due to masked food 
allergy, a concept of food sensitization described 
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by Rinkel which aids in explaining the chronic, 
smoldering clinical reactions commonly result- 
ing from the oft-repeated ingestion of allergenic 
foods. Such a mechanism accounts for the fact 
that patients are rarely able to detect sensitivity 
to the most important foods such as corn, wheat, 
milk and eggs because symptoms are usually 
improved temporarily following the ingestion of 
a masked food allergen, becoming worse several 
hours later, particularly during the night or on 
arising in the morning. 

Generalized muscle symptoms consists of 
aching, lameness, stiffness and soreness. Local- 
ized reactions involve the muscles of the nuchal 
region, particularly the trapezius and the 
sternocleidomastoid, either unilaterally or bi- 
laterally, and are commonly associated with 
allergic headaches. Attacks characterized by 
tightness, tenseness, pulling, drawing or “knotty” 
sensations in these muscles have been induced 
experimentally after the test feeding of al- 
lergenic foods. Increased tonus and tenderness 
of the involved muscles may often be demon- 
strated by palpation. Acute “‘wry neck” has also’ 
been observed under the same circumstances. 

The heavy muscles of the lower back may 
react similarly, giving rise to the complaint of 
backache. Tightness, “knotty” sensations and 
localized pain have been observed less frequently 
in the hamstrings, gastrocnemius, intercostals 
and the muscles about the shoulder girdle. 
These muscle symptoms are improved by mas- 
sage and have been observed to subside with the 
elimination of specific food allergens. 


EFFECT OF PENICILLIN ON THE BLOoopD 
CLotTiInG MecnanisM. R. E. Dolkart, 
M.D., B. Halpern, M.S., M. Larkin, B.A. 
and Geza de Takats, M.D., Chicago, Illinois. 


The widespread use of penicillin in a variety 
of clinical conditions makes any effect of peni- 
cillin on the clotting activity of blood of con- 
siderable importance. Because of the conflicting 
reports and the frequent occasions in which 
penicillin may be used in the presence of altered 
clotting mechanisms, further studies seemed 


appropriate. 
Penicillin was administered a normal sub- 


jects and clotting activity studied by the heparin 
tolerance test and prothrombin time. The 
heparin tolerance curve was analyzed and clas- 
sified into group and heparin reactor group 
response. 


é 
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The group heparin tolerance curve ‘and 
prothrombin time was not significantly altered 
by penicillin. The heparin reactor groups, hypo-, 
normo- and hyperreactors, showed a change of 
borderline statistical significance after peni- 
cillin, but still remained within the normal limits 
of the analyzed group heparin curve. 


ADMINISTRATION OF MAssIvE Doses OF VITA- 
MIN P. HESPERIDIN METHYL CHALCONE. 
W. R. Kirtley, M.D. and F. B. Peck, 
M.D., Indianapolis, Indiana. (From the 
Lilly Laboratories of Clinical Research, 
Indianapolis General Hospital.) 


The clinical effect of vitamin P substances has 
been controversial and information has been 
based largely on observations of the petechial 
index as determined by one of the positive or 
negative pressure methods. These methods at 
best are but crude approximations, as there are 
several known factors which influence the re- 
sults. Little is known about the absorption, 
utilization and excretion of vitamin P. The bulk 
of animal and clinical studies supports the con- 
tention that these flavones do have a definite 
influence on capillary permeability as distin- 
guished from the capillary fragility of scurvy 
which responds to ascorbic acid. 

Hesperidin chalcone has been identified as 
the unstable, water-soluble, yellow pigment 
from crude orange hesperidin which on methyla- 
tion is stabilized without affecting its vitamin P 
activity. Since some of the conflicting reports 
may be due to inadequate dosage or lack of an 
appropriate test method, repeated observations 
were made of the blood concentration before 
and after constriction in cases in which capillary 
permeability was presumably affected. Criteria 
of effect were the total protein, albumin and 
globulin, hemoglobin, erythrocyte count, hema- 
tocrit and modified Gothlin’s test. Simultane- 
ously the urinary excretion of hesperidin methyl 
chalcone was measured by the colorimetric 
borocitric method. 

The findings in general indicate that the 
changes in concentration of blood proteins, 
erythrocytes, hemoglobin, hematocrit and pe- 
techial index are too variable to be statistically 
significant. As much as 15 Gm. daily have 
been administered without any evidence of toxic 
effect. Excretion rates were elevated above the 
levels of controls but did not show any quantita- 
tive relationship to the amounts administered. 
It is suggested that the flavone may not be 
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quantitatively absorbed, that it undergoes — 
changes in the body into substances incapable 
of reacting in the borocitric test or that large 
doses may induce tachyphylaxis. 


EFFECT OF INTRAVENOUS ADMINISTRATION OF 
Nicotinic Acip ON BLoop BiLirusINn. W. 
D. Gambill, M.D., B. D. Rosenak, M.D.., 
j. E. Fisher, M.D. and R. H. Moser, 
M.D. (introduced by K. G. Kohlstaedt, 
M.D.), Indianapolis, Indiana. (From the 
Gastrointestinal Clinic of the Indianapolis 
City Hospital.) 


Marfori, Stefanini and Barmante have re- 
ported that following the intravenous injection 
of nicotinic acid there is a rise of blood bilirubin. 
They have attempted to adapt this observation 
to the study of the excretory function of the liver 
and have suggested that it may constitute an 
endogenous bilirubin tolerance test. The normal 
bilirubin curve following the injection of nico- 
tinic acid consists of an initial rise of blood 
bilirubin with a gradual return to normal over 
an eight-hour period. We have confirmed this 
observation in eleven normal individuals. 

Twenty-one patients with a variety of liver 
diseases were studied. Four distinct types of 
bilirubin curves were obtained. No type of 
curve was typical of any specific liver disease. 
In five cases of extrahepatic biliary obstruction 
no diagnostic type of curve was demonstrated. 
As a test of liver function it was found the bili- 
rubin curve did not parallel other accepted liver 
function tests. 


STUDIES ON DERMAL HYPERSENSITIVITY IN 
Human Bruce vosis. A. /. Braude, M.D.., 
W. H. Hall, M.D. and W. W. Spink, 
M.D., Minneapolis, Minnesota. (From the 
Division of Internal Medicine, University 
of Minnesota Medical School.) 


Four Brucella antigens, consisting of a puri- 
fied protein, a carbohydrate haptene, a protein- 
nucleate (brucellergen) and the _ heat-killed 
organisms, were used to study dermal hyper- 
sensitivity in 174 individuals, eighteen of whom 
had bacteriologically proved brucellosis. The 
advantage of using four antigens instead of one 
to detect hypersensitivity is indicated by the 
fact that in 45 per cent of those with hyper- 
sensitivity at least one of the four skin tests was 


negative. 
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Agglutinins for Brucella were demonstrated 
in sixty-five persons, of whom 94 per cent had 
dermal sensitivity for one or more of the anti- 
gens. Dermal hypersensitivity was present in 
42 per cent of sixty-nine persons having negative 
agglutination tests. Of thirty persons with no 
symptoms, no agglutinins, negative blood cul- 
tures and no history of exposure five (or 17 per 
cent) demonstrated hypersensitivity by the 
four-test method. 

Active infection was demonstrated in fifteen 
of sixty-two persons with positive agglutinins 
and positive skin tests. In two cases of Brucella 
endocarditis the carbohydrate test alone was 
positive until clinical improvement occurred 
when dermal sensitivity to the other three 
agents developed. The carbohydrate haptene is 
unique also in that it produces an immediate 
erythema and wheal, can be suppressed by 
benadryl and readily induces the production 
of agglutinins. Sensitivity to this antigen can 
be passively transferred. The other antigens pro- 
duce a delayed reaction. Areas in which any of 
these antigens provoked inflammation were oc- 
casionally reactivated months later upon the 
exacerbation of symptoms, recurrence of bac- 
teremia or reapplication of skin tests. Violent 
local reactions with necrosis occurred in 9 per 
cent of the brucellergen, 4 per cent of the puri- 
fied protein, 1 per cent of the vaccine and none 
of the carbohydrate tests. Brucellergen appeared 
to elicit the greatest number of false positive 
reactions. 

The intensity of the local reaction could be 
correlated with the titre of agglutinins. Inter- 
esting variations in intensity of reaction occur 
with the stage of the disease of bacteriologically 
proved cases. The tests have been of doubtful 
value from a diagnostic viewpoint. 


ARTERIOGRAPHY IN THE EVALUATION OF 
ARTERIOSCLEROTIC PERIPHERAL VASCU- 
LAR Disease. R. G. Smith, M.D. and D. A. 
Campbell, M.D., Eloise, Michigan. (From 
the Department of Surgery, Wayne 
County General Hospital and Infirmary.) 


In a recent study of vascular insufficiency due 
to arteriosclerosis the usual tests were employed. 
These included (1) skin and muscle tempera- 
tures and the response to autonomic blockade. 
(2) electrical resistance of the skin, (3) biopsy 
of ulcers and (4) the common tests of function 
that determine alteration in color, intermittent 
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claudication and resting pain. All of these and 
other tests indicate to some extent the ability 
of the blood to reach the undernourished tissues 
of the leg and foot. But these methods are in- 
direct and the information furnished by them 
may be incomplete or misleading. To these 
tests we have added arteriography, which 
appears to be a more direct approach to the 
estimation of the type and extent of the patho- 
logic changes which have occurred in the 
arterial system. 

The arteriograms of one hundred cases have 
been studied and classified according to (1) the 
location and extent of complete obstruction, 
(2) irregularities of the lumen and (3) the de- 
velopment of collateral circulation. 

This method of examination has been carried 
out by the intern and resident staff and 75 per 
cent have been satisfactory from a roentgeno- 
graphic standpoint. Few complications have 
been noted, the most important of which has 
been a mild, transient peripheral neuritis in 
cases in which an extravascular injection had 
been made. An occasional hematoma developed 
at the site of injection. } 

The classification we have adopted has been 
used as a basis of selection for suitable candidates 
for lower leg amputation. In addition, though 
the classification has been used in only a small 
number undergoing sympathectomy, it appears 
that it will be helpful in the selection of patients — 
for this operation. 


PLEUROPULMONARY MANIFESTATIONS OF 
Amebiasis. H. 7. Langston, M.D. (Intro- 
duced by W. G. Maddock), Chicago, Illinois. 


During the past year, ten cases of pleural or 
pulmonary disease due to amebae have been 
recognized on the Thoracic Surgery Service at 
Veterans Administration Hospital, Hines, IIl. 
The patients were all veterans, but not all of | 
them had seen service in parts of the world where 
infestation is common. A history of dysentery 


was recalled by most of them, but known amebic 


dysentery was not recalled by any of them. 
They presented themselves with histories and 
clinical findings resembling those of the com- 
mon types of pleuropulmonary diseases. 
Following the thought of the literature in 
general, we accept an hepatic abscess as the 
basic pathologic entity responsible for most of 
these manifestations, except the isolated lung 
abscess which may well be embolic. The five 
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types of lesions described by Ochsner and De- 
Bakey are amplified by us to include the hepatic 
abscess which ruptures into the subdiaphrag- 
matic space and does not transgress the muscular 
barrier of the diaphragm. 

Demonstration of the organism is difficult 
from the discharges of these cases (sputum or 
aspirated fluid) because it represents essentially 
the liquid material from the hepatic abscess and, 
therefore, conforms to the usual experience in 
this regard. The diagnosis in our series of cases 
was made essentially on the basis of unequivocal 
response to emetine. 

Amebic etiology should be suspected in the 
differential diagnosis of pleuropulmonary dis- 
ease when: (1) The clinical course is not typical 
of the more common entities with which it may 
be confused. (2) The sputum or aspirated fluid 
has the appearance of “tomato catsup” or 
‘anchovy sauce,” etc. (3) A subdiaphragmatic 
disorder is present without significant ante- 
cedent history of suppurative abdominal disease. 

From our experience with these ten patients 
it is our opinion that pleural or pulmonary 
amebic disease differs from other types of pleural 
or pulmonary disease in the following points: 
(1) Dissemination of the disease by bronchogenic 
route, even in the presence of copious sputum, 
is not a significant danger. (2) Communication 
of a pleural or subdiaphragmatic abscess with 
the bronchial tree does not necessarily imply the 
presence of superimposed pyogenic infection. 

Since in all instances the response to anti- 
amebic therapy was unequivocal, often even 
dramatic, non-surgical management is the treat- 
ment of choice. Aspiration of liquid accumula- 
tions is indicated for relief of symptoms or to 
expedite recovery, but open drainage should be 
reserved for control of non-amebic complications. 


EVALUATION OF THE ESOPHAGEAL ELECTRO- 
CARDIOGRAM IN THE DIAGNOSIS OF HEALED 
PosTERIOR MyocarDIAL INFARCTION. H. 
B. Burchell, M.D., Rochester, Minnesota. 
(From the Division of Medicine, Mayo 
Clinic.) 

Esophageal electrocardiograms are easily 
obtained. The use of small but heavy electrodes 
with thin flexible lead wires, together with a 
direct writing electrocardiographic machine, 
has facilitated the recording of them. A study 
of the value of such electrocardiograms in the 
diagnosis of posterior myocardial scars (previous 
infarctions) has been carried out in a series of 
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fifty cases. The fifty cases comprised (1) persons 
with known previous infarction with and with- 
out diagnostic electrocardiographic sequelae, 
(2) persons with lengthened Q waves in lead m 
with and without angina pectoris, (3) a few 
persons with right bundle-branch block with 
suspected infarction and (4) several patients hav- 
ing anginal pain with the “‘electrocardiographi- 
cally vertical’? variant of the left ventricular 
strain pattern. The esophageal electrocardio- 
gram at the ventricular level has shown great 
variability. In about 10 per cent of cases it re- 
tains the form characteristically seen at esopha- 
geal levels. When such a form is not present, 
the electrocardiogram usually simulates the 
configuration of the left leg unipolar lead, in 
both “electrocardiographically vertical’? hearts 
or “‘transverse”’ hearts. The latter lead (Vy or 
aVr) usually is of greater help in evaluation of 
the significance of prolonged Q waves in deriva- 
tion 11 than are esophageal leads. Changes in 
the esophageal lead that have been most dis- 
tinctive when myocardial infarction has occurred 
have been widening and splintering of the initial 
downward wave and a splintered downward 
deflection not followed by an R wave. In only 
one case has a Q wave followed by elevated RT 
segment been observed. The T wave direction 
appears to vary independently and has given 
no help in diagnosis. It appears that an esopha- 
geal electrode often continues to be influenced 
by cavity potential, even when the auricular 
complex shows no intrinsic type deflection, 
hence the records obtained usually are not the 
immediate counterparts of a direct lead from 
the diaphragmatic area of the ventricle. With 
the use of the electrodes described, extracardiac 
potentials produce marked aberrations in the 
tracings in only a few patients. 


STUDIES ON VASOMOTOR TONE IN HyPER- 
TENSION. EFFECT OF ‘TETRAETHYLAM- 
MONIUM ON BLoop FLow IN THE EXTREMI- 
TIES OF NORMAL AND HyYPERTENSIVE 
Supjects. H. 7. Kowalski, M.D. (by 
invitation), S. W. Hoobler, M.D., S. D. 
Malton, M.D. (by invitation), W. G. Pain, 
M.D. (by invitation), R. H. Lyons, M.D., 
G. K. Moe, M.D. and 7. T. Manning, 
M.D. (by invitation), Ann Arbor, Michigan. 
(From the University of Michigan. ) 


It is generally agreed that the primary fault 
in the hypertensive state is an increase in total 
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peripheral vascular resistance. It has also been 
shown that there is an increased resistance to 
blood flow in the extremities in hypertension. 
The degree to which this elevated resistance is 
maintained by increased sympathetic tone of 
preganglionic origin can be estimated by means 
of the autonomic blocking agent, tetraethylam- 
monium. An increase in blood flow to an extrem- 
ity following parenteral administration of the 
drug is associated with a decrease in neurogenic 
vasoconstrictor tone, and the magnitude of the 
response is roughly proportional to the initial 
level of vasomotor tone. Thus, in the feet where 
vasomotor tone is at a maximum, increases in 
blood flow after tetraethylammonium are 
greatest. When vasoconstrictor tone is decreased 
by warming the body, the response to the drug 
is lessened. When vasoconstrictor tone is 
abolished by sympathectomy, the drug no 
longer increases blood flow. 

Consequently, if initial levels of blood flow in 
hypertensive and normotensive subjects were 
similar, administration of tetraethylammonium 
would produce greater increases in blood flow 
in the former if the increased tone were of 
sympathetic origin. Response of blood flow to 
tetraethylammonium in the forearm and in the 
foot was determined by means of a venous oc- 
clusion plethysmograph in twenty hypertensive 
and twenty-four normotensive patients. 

The mean initial blood flow in the foot was 
1.7 cc. per 100 cc. of limb per minute for the 
hypertensives’ and 2.0 cc. for the normotensive 
group. Because of wide individual variations, 
this difference was not considered to be sig- 
nificant. After intravenous administration of 6 
mg. per Kg. of tetraethylammonium, blood 
flow in both the hypertensive and normotensive 
subjects increased on the average to 4.4 times 
the resting levels. 

The hypertensive group showed a mean rest- 

ing flow in the forearm of 3.3 cc. per 100 cc. of 
limb per minute and the normotensive group 
showed a mean forearm resting flow of 2.9 cc. 
per 100 cc. of limb per minute, with an average 
increase to 1.32 and 1.34 times the resting levels 
after tetraethylammonium, respectively. 

The differences were not considered sig- 
nificant and it is therefore concluded that in the 
extremities of the hypertensive subjects studied 
there were no alterations in vasomotor tone of 
preganglionic autonomic origin. 

VASCULAR COMPLICATIONS INCIDENT TO 

LumBoporsAL SyMPATHECTOMY. R. D. 
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Taylor, M.D., A. C. Corcoran, M.D. and 
I. H. Page, M.D., Cleveland, Ohio. (From 
the Research Division, Cleveland Clinic 
Foundation.) 


Lumbodorsal sympathectomy is an accepted 
treatment in some phases of essential hyper- 
tension. The frequency of postoperative mor- 
bidity and mortality due to vascular causes in 
such patients is not widely recognized. The 
incidence of such complications among one 
hundred hypertensive persons operated upon 
was surprisingly great. Seventy-nine of these 
patients had essential hypertension and twenty- 
one of them were in the malignant phase. The 
average age was 37.6 years (range twelve to 
fifty-three years). 

Fifteen patients suffered from some form of 
vascular decompensation in the immediate post- 
Operative period. Among those, three patients 
with malignant and one with essential hyper- 
tension died during or immediately after opera- 
tion. One patient sustained a myocardial 
infarction and died after a second attack six 
weeks later. Acute left ventricular failure and 
auricular fibrillation occurred on two occasions. 
The cardiac complications may result from 
acute coronary insufficiency. One patient de- 
veloped the signs and symptoms of renal failure, 


' possibly because of the sudden marked reduction 


of arterial pressure. The remaining seven pa- 
tients gave evidence of cerebral vascular changes. 
Minor episodes were attributed to minimal 
cerebral thrombosis. Major episodes with dis- 
orientation or actual psychosis were thought to. 
be due to multiple small thrombi. Of the one 
hundred patients operated upon, four died pre- 
sumably directly as a result of operation and 
eleven showed serious disability. 

These observations serve to emphasize that 
lumbodorsal sympathectomy should not be 
undertaken lightly and that the risk involved 


should be recognized. 


EFFECT OF SERUM PROTEIN DEPLETION ON 
WATER AND SALT EXCRETION AND SENSI- 
TIVITY TO PiTuITRIN. 7. S. Schweppe, M.D. 
and S. Freeman, Ph.D., M.D. (Introduced by 
Howard A. Lindberg, M.D.), Chicago, 
Illinois. 

Three dogs were depleted of their serum pro- 
teins by a combination of a 4 per cent protein 
diet and plasmapheresis three to five times per 


* 
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week. One dog remained as a control through- 
out the period. Serum protein depletion had the 
following effects in the dogs studied: (1) The 
time required to excrete 50 per cent of ingested 
water increased in all dogs following depletion. 
This was statistically significant only in one ani- 
mal. (2) Protein depletion had no effect on the 
daily twenty-four-hour excretion of chloride. 
(3) Protein depletion did not appear to alter 
the twenty-four-hour excretion of chloride after 
the oral administration of an 0.85 per cent 
saline solution. (4) During depletion extracel- 
lular fluid volume increased slightly in two 
dogs. (5) The glomerular filtration rate was re- 
duced in all protein depleted dogs. (6) The 
urinary suppression produced by pituitrin in- 
creased markedly in one dog and only slightly 
in two others. (7) Desoxycorticosterone acetate 
in 2 mg./Kg. dosage reduced sodium excretion 
in all dogs, but had no significant effect on the 
blood sodium, potassium or chloride levels. 
Water excretion was not appreciably changed 
except in one animal which showed a marked 
suppression. (8) No gross edema or ascitic fluid 
was present on autopsy. (9) No significant 
pathologic change was found which could ex- 
plain the results obtained. 


SEROLOGIC TEST FOR STAPHYLOCOCCAL IN- . 


FECTIONS. Charles H. Rammelkamp, M.D., 
Cleveland, Ohio. (From the Departments 
of Preventive Medicine and Medicine, 
School of Medicine, Western Reserve 
University.) 


Association of potential pathogenicity of 
staphylococci with the production of an extra- 
cellular substance which clots plasma has been 
widely recognized. In spite of this correlation 
little is known concerning the rdéle of staphylo- 
coccal coagulase in the disease process. The 
existence of antibodies which inhibit the coagu- 
lase reaction has not been demonstrated, possibly 
due to inadequacies of the several technics em- 
ployed. In reinvestigating this problem, there- 
fore, it was first necessary to devise a serologic 
test whereby the factors entering into the coagu- 
lase reaction could be controlled. Fraction 1 of 
the plasma proteins was employed as the indi- 
cator system. Staphylococcal coagulase was 
obtained by growing Staphylococcus aureus in 
tryptose phosphate broth containing 1 per cent 
human plasma following which the medium 
was passed through a Seitz filter. A unit was 


American Federation for Clinical Research 


defined as three times the minimum concentra- 
tion required to cause the appearance of fibrin 
in a standard fibrinogen-activator preparation. 
In determining the neutralizing effect of a 
serum, a unit of coagulase was placed in contact 
for a period of ninety minutes with varying 
dilutions of the serum to be tested, following 
which a constant amount of substrate, fibrino- 
gen, was added. After three hours incubation 
the tubes were examined for inhibition of the 
formation of visible fibrin. 

The aforementioned serologic test was em- 
ployed in a study of sera collected from normal 
subjects, from patients with staphylococcal in- 
fections and from monkeys immunized with 
cell-free coagulase. The coagulase inhibitory 
effect of sera from normal subjects varied con- 
siderably; many sera exhibited no anticoagulase 
effect while a few completely inhibited the 
reaction in dilutions of 1:500 or greater. Acute 
and convalescent phase sera obtained from pa- 
tients with staphylococcal infections revealed an 
increase in the anticoagulase titer in the later 
blood specimens. These results suggested that 
coagulase was antigenic. Confirmation was ob- 
tained by the demonstration of a rising titer 
of anticoagulase in the sera of monkeys following 
immunization with cell-free coagulase. The réle 
of this antibody, as well as that of coagulase 
itself, in the mechanism of infections remains to 
be established. 


PRECORDIAL AND UNIPOLAR’ EXTREMITY 
ELECTROCARDIOGRAMS IN Firty YOUNG 
NorMaL Apu ts. P. H. Noth, M.D. 
and (by invitation) H. A. Klein, M.D., 
Detroit, Michigan. 


The Wilson precordial leads (V3;R, V:-V¢) 
and Goldberger unipolar extremity leads of 
fifty young male adults whose hearts were 
normal by physical and roentgenographic ex- 
amination were analyzed. The durations of Q, 
R and S were determined with a Cambridge 
measuring device. Isolated findings of clinical 
importance are reported here. 

Findings in Precordial Leads. The maximal 
duration of R (or R-Q) was 0.04 seconds or 
longer in seven patients, in one of whom it 
measured 0.045 seconds. Such values are usually 
considered suggestive of left ventricular hyper- 
trophy. The average of the durations of R (or 
R-Q) maximal for each patient was 0.034 
seconds, which is identical with the value 
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found for this measurement in sixty-seven 
pathologically proved cases of left ventricular 
hypertrophy. 

The maximal duration of the QRS complex 
was 0.114 seconds; for eight subjects it was 0.11 
seconds or more and for nineteen subjects, 0.105 
seconds or more. 

In V3sR, QS deflections occurred in three 
cases, but otherwise were absent except in one 
instance in V;. Q deflections were not present 
in leads V3R, Vi, V2 or V3. The tallest R in 
V3R measured 6.0 mm., in V;, 9.0 mm. The 
duration of R in V;R varied between 0.001 and 
0.031 seconds, averaging 0.017 seconds. In both 
V; and V; the maximal values for the duration 
of R were 0.033 seconds, the average values 
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0.020 and 0.023, respectively. The T waves in 
V3R were inverted in thirty-five, diphasic in 
two, isoelectric in five, and upright in eight 
cases. These findings are of interest chiefly for 
comparison with those in right ventricular hy- 
pertrophy and “‘strain.” 

Findings in Goldberger Extremity Leads. Dura- 
tion from onset to nadir of Q in the thirty-four 
unipolar leads reflecting purely or predomi- 
nantly left ventricular potentials varied between 
0.006 and 0.021 seconds. The depth of Q in 
these leads varied between 0.5 and 3.0 mm. 
never exceeding 23 per cent of the height of 
the following R wave. Thus a Q wave pattern 
simulating that associated with myocardial in- 
farction was absent. 
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Use oF HEPARIN IN PRE-ECLAMPSIA. E. W. 
Page, M.D., San Francisco, Caltfornia. 
(From the Department of Obstetrics and 
Gynecology, University of California 
Medical School.) 


During pregnancy the maternal blood is in 
direct contact with the epithelium of the 
placenta, an organ which is exceedingly rich 
in thromboplastin. As shown by Gaifami and 
many others, saline extracts of the human 
placenta are lethal to animals when injected 
intravenously. Schneider has identified this 
lethal factor as thromboplastin, and suggests 
that it may be responsible for the fibrin deposi- 
tion and capillary thromboses observed in the 
eclamptic woman’s liver. Should this be true 
it might be expected that heparin, a thrombo- 
plastin antagonist, would alter the course of 
pre-eclampsia. 

Four women with antepartum pre-eclampsia 
have been heparinized for periods of seventy- 
two hours, two by continuous intravenous in- 
fusion and two by the intermittent injection of 
50 mg. of heparin intravenously every three to 
four hours. In each case the patient was hos- 
pitalized for periods of two to five days in order 
to use each subject as her own control. In two 
mild cases the hypertension subsided and pro- 
teinuria decreased sharply during the period of 
heparinization. This apparent improvement 
continued after stopping the heparin treatment, 
but the disease recurred in a mild form weeks 
later in one patient at the time of labor. Two 
patients with severe cases of pre-eclampsia were 
treated, one at the seventh and one at the eighth 
month of pregnancy. In the earlier case the only 
symptoms were marked hypertension and pro- 
teinuria and during heparinization there was 
no improvement in her condition. A week after 
cessation of heparin therapy the infant died in 
utero and pregnancy was terminated. In the re- 
maining case of severe pre-eclampsia the out- 
standing symptom was marked epigastric pain 
and liver tenderness. During the three days of 
heparin infusion these symptoms disappeared, 
the hypertension fell from an average of 190/110 
to 160/100 and the proteinuria decreased from 
3 to 0.4 Gm. per day. Within twelve hours after 
cessation of heparin, the epigastric pain re- 


turned, blood pressure rose to 200/120 and 
proteinuria increased. Pregnancy was termi- 
nated by cesarean section and a living baby was 
obtained. 

These preliminary results suggest that heparin 
might be a valuable adjunct in the treatment 
of pre-eclampsia for the prevention or possibly 
the alleviation of hepatic damage. 


STUDIES ON ERYTHROCYTE PROTOPORPHY- 
RIN, PLASMA IRON AND PLASMA COPPER 
IN NORMAL AND ANEMIC Susjects. M. M. 
Wintrobe, M.D. and G. E. Cartwright, 
M.D. (by invitation), C. M. Huguley, M.D. 
and 7. Fay, M.D., Salt Lake City, Utah. 
(From the Department of Medicine, 
University of Utah, School of Medicine.) 


Values for free erythrocyte protoporphyrin, 
plasma iron and plasma copper determined in 
a series of normal adults are presented and 
analyzed. One or more of these determinations 
were made in 101 patients with various dis- 
turbances in erythropoiesis. In pernicious ane- 
mia the erythrocyte protoporphyrin values were 
normal, the plasma iron normal or elevated 
and the plasma copper not consistently altered 
from the normal. In patients with anemia due 
to a deficiency of iron, the erythrocyte proto- 
porphyrin was found to be high, the plasma iron 
low and the plasma copper normai or high. 
Anemia associated with chronic infection was 
accompanied by a high value for erythrocyte 
protoprophyrin, a low plasma iron level and 
increased plasma copper. In nephritis the 
erythrocyte protoporphyrin was usually ele- 
vated, the plasma iron low or normal and the 
plasma copper variable. Patients with lymphoma 
and leukemia had a normal or high erythrocyte 
protoporphyrin, low or normal plasma iron and 
high plasma copper. In aplastic anemia, plasma 
iron was elevated. Plumbism was accompanied 
by high erythrocyte protoporphyrin and normal 
plasma iron. Myelophthisic anemia was also 
characterized by a high protoporphyrin content 
of the erythrocytes. In hemolytic anemia the 
values were variable. A low plasma copper 
value was noted in a single patient with hemo- 
chromatosis. Thalassemia major was found to 


be accompanied by a high plasma iron. Mis- 
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cellaneous diseases including polycythemia, 
hypothyroidism, multiple myeloma, Laennec’s 
cirrhosis, subacute yellow atrophy of the liver, 
Banti’s syndrome, constitutional hyperbilirubi- 
nemia, thalassemia minor and acute prophyria 
exhibited no abnormal deviations. 


AcuTE IpiopaATHIC HyPOPROTHROMBINEMIA. 
RESPONSE TO MassivE Doses oF Syn- 
THETIC VITAMIN K. R. D. Friedlander, 
M.D., I. K. Heindl, M.D. (by invitation) 
and B. G. Anderson, M.D., San Francisco, 
California. 

The clinical course and dramatic response to 
vitamin K are described in the case of a middle 
aged female with apparent idiopathic hypo- 
prothrombinemia. The prognosis was considered 
to be very grave due to severe respiratory em- 
barrassment as a result of extensive hemorrhage 
into the deep and superficial tissues of the neck 
and base of the tongue. Rapid recovery followed 
administration of large doses of synthetic vita- 
min K and whole blood. Evidence of hepatic 
disease was not demonstrable by the usual tests 
of liver function. Since the patient had been 
taking small amounts of salicylates, the influence 
of this drug on the prothrombin time is discussed. 


THROMBOPLASTIN REAGENT OF ENHANCED 
PoTENCY AND ITs SIGNIFICANCE WITH 
RELATION TO THE THEORY OF THE QUICK 
PROTHROMBIN Test. P. M. Aggeler, M.D., 
T. B. Leake, A.B. (by invitation) and 7. 
Talbot, M.D., San Francisco, California. 
(From the Department of Medicine, 
University of California Medical School.) 


Storage of a small quantity of acetone-ex- 
tracted human or rabbit brain as a thin layer 
in a glass beaker contained within an evacuated 
calcium chloride desiccator for periods varying 
from 47 to 120 days resulted in a marked increase 
in its thromboplastic potency. Prothrombin 
times performed with thromboplastin reagent 
prepared from brains treated in this manner 
were shorter in normal plasma diluted to 50 
per cent of its original concentration than the 
times obtained with the same plasma in the 
undiluted state. The results are interpreted as 
indicating the presence of coagulation-inhibiting 
substances both in the plasma and in thrombo- 
plastin reagents prepared in the usual manner. 
The results can be explained by the assumption 
that the increased thromboplastic potency of 
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brains stored in the manner herein described is 
due to more complete dehydration resulting in 
relatively greater insolubility of the coagulation 
inhibitor contained in the brain. 

It is proposed that the prothrombin time ob- 
tained with thromboplastin reagents prepared 
in the usual manner is the net result of a reaction 
among prothrombin, plasma coagulation in- 
hibitor, thromboplastin and a coagulation in- 
hibitor contained in the thromboplastin reagent. 
With elimination of the latter inhibitor from 
the reaction, the effect of dilution of prothrom- 
bin to 50 per cent of its original strength is 
overbalanced by the effect of dilution of the 
plasma coagulation inhibitor thereby resulting 
in a faster prothrombin time in the diluted 
plasma. 


CoMPARATIVE STUDY OF THE EFFECTS OF 
ADMINISTRATION OF LARGE DOSES OF 
Horse SERUM AND HuMAN ALBUMIN TO 
RABBITS WITH REFERENCE TO FORMED 
ELEMENTS OF THE BLOop, PLAsMA PRO- 
TEIN CONSTITUENTS AND IMMUNOLOGIC 
Cuances. B. V. Jager, M.D. and R. 7. 
Nelson, M.D. (by invitation), Salt Lake City, 
Utah. (From the Department of Medicine, 
University of Utah Medical School.) 


The clinical and experimental observations 
that serum sickness may result in pathologic 
lesions simulating those of periarteritis nodosa 
and acute rheumatic fever suggest that a study 
of certain hematologic and immunologic as- 
pects of experimental serum sickness in animals 
might offer useful information. 

One group of ten rabbits was given intra- 
venously a single, large dose of horse serum 
(mixed antigen); a similar group received a 
single large dose of human albumin (relatively 
homogenous antigen) while a third group of 
equal number served as controls. Specimens of 
blood for various studies were obtained re- 
peatedly from each group during a seven-week 
period following injection of a foreign protein. 

With the exception of a transient lympho- 
penia which followed injection of albumin or 
horse serum, the injection of foreign proteins 
did not lead to significant changes in the 
packed red cell volume, total and differential 
leukocyte counts and the reticulocyte response 
when compared with the control group. 3 

In spite of inherent difficulties attributable to 
animal variations the rabbits receiving horse 


786 


serum showed a moderate increase in plasma 
fibrinogen and a delayed rise in total globulin 
and “gamma globulin” (determined chem- 
ically). No significant reduction in serum 
albumin occurred. By contrast no impressive 
changes occurred in these protein constituents 
in the animals receiving human albumin. After 
injection of antigen, circulating precipitinogen 
persisted much longer and precipitins appeared 
earlier in the group receiving horse serum than 
the one receiving human albumin. Antibodies 
to a globulin fraction of horse serum seemed to 
develop earlier than antibodies to horse serum 
albumin. 

The total quantitative serum hemolytic com- 
plement decreased following administration of 
horse serum but not after injection of human 
albumin. 


CORRELATION OF LIVER STRUCTURE AND 
Function. L. W. Kinsell, M.D., H. A. 
Wess, M.D., G. Michaels, M.D. (by inuvi- 
tation), 7. Shaver, M.D. and H. Barton, 
M.D., Oakland, Californa. (From the 
Department of Medicine, University of 
California Medical School and the U. S. 
Naval Hospital.) 


Serial liver biopsies have been performed on 
individuals with acute and chronic liver damage. 
These patients have been studied simultaneously 
from the standpoint of liver function as mani- 
fested by standard liver function tests as well 
as by certain other procedures. 

It has been found that, in general, acuteness 
of liver damage is manifested in the biopsy sec- 
tion by phagocytic cell infiltration and that this 
is usually correlated with the cephalin floccula- 
tion test and that chronic, long-standing changes 
may be correlated with abnormalities of the 
bromsulfthalein test and with decreased glycogen 
storage. 


COMPARISON OF CHEMICAL DETERMINATION 
OF SERUM ALBUMIN CONCENTRATION WITH 
CORRESPONDING ELECTROPHORETIC PAtT- 
TERNS. 7. B. Schwartz, M.D. (introduced by 
B. V. Jager, M.D.), Salt Lake City, Utah. 
(From the Department of Medicine, 
University of Utah Medical School.) 


Numerous observers have shown that the com- 
monly used sodium sulfate precipitation method 
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of Howe for the determination of serum albu- 
min concentration gives false high values when 
compared with those obtained by electrophore- 
sis. In view of the obvious need for a simple, 
easily executed clinical procedure for estimating 
albumin concentration in normal and patho- 
logic sera, the results obtained by three pre- 
cipitation technics were compared with values 
obtained by electrophoresis. All four procedures 
were carried out on aliquots of individual sam- 
ples of both normal and abnormal sera, the 
albumin concentration ranging from 17 to 64 
per cent in the series of sera tested. 

As noted by others the Howe method (21.5 
per cent sodium sulfate) yielded serum albumin 
concentrations that were 4 to 20 per cent higher 
than those determined electrophoretically. The 
methanol precipitation procedure described 
by Pillemer was found to be technically difficult 
to control and, in pathologic sera, gave results 
which were consistently lower than the elec- 
trophoretic values. Precipitation of serum 
globulin by saturated magnesium sulfate (Pop- 
jak and McCarthy) was found to be a reliable 
and relatively accurate method for serum 
protein partition, yielding serum albumin values 
which correlated closely with those obtained by 
electrophoresis. 


EFFECT OF 2,3-DIMERCAPTOPROPANOL 
(BAL) on Toxiciry AND EXCRETION OF 
Gop. W. C. Kuzell, M.D., P. L. Pills- 
bury, M.D. and S. A. Gellert, B.A., San 
Francisco, Californa. (From the Depart- 
ments of Pharmacology and Therapeu- 
tics and of Medicine, Stanford University 
School of Medicine. ) 


Recent clinical observations have shown that 
2,3-dimercaptopropanol (BAL) is of value in 
counteracting the toxic manifestations of gold 
salts used in the treatment of patients with 
rheumatoid arthritis. This report presents the 
results with BAL in _ protecting white rats 
against toxic doses of gold sodium thiosulfate 
and gold chloride and on urinary excretion of 
gold in rabbits. BAL protects rats against lethal 
doses of gold sodium thiosulfate given intra- 
muscularly but not against lethal doses of gold 
chloride given intraperitoneally. Gold chloride 
is not readily absorbed when given intramuscu- 
larly due presumably to severe local tissue de- 
struction. BAL facilitates excretion of both gold 
sodium thiosulfate and gold chloride given in- 
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travenously to rabbits in non-lethal doses. Jn 
vitro BAL reacts readily with gold sodium thio- 
sulfate to produce a golden yellow precipitate, 
and with gold chloride to produce a russet 
brown precipitate thus indicating a high affinity 
of the thiol groups in BAL for gold, but pre- 
sumably some tissue-soluble complex is the basis 
for the antagonistic action in living tissues. The 
experimental results obtained support the bene- 
fitial effects of BAL in clinical manifestations of 
gold toxicity. 


EXCRETION OF UROBILINOGEN IN THE URINE 
IN PATIENTS SUFFERING FROM CARDIO- 
VASCULAR Diseases. F. S. Focht, M.D. and 
H. T. Hanson, M.D. (introduced by H. H. 
Hecht, M.D.), Salt Lake City, Utah. (From 
the Department of Medicine, University 
of Utah, School of Medicine.) 


Watson and his associates have recently re- 
ported that in patients suffering from myocardial 
infarction, semiquantitative measurements of 
urobilinogen excreted during a two-hour period 
revealed increased values for several days fol- 
lowing the acute episode. The degree of incre- 
ment was believed to correlate with the clinical 
course in such patients. 

Repeated tests were performed on a large 
number of patients suffering from a variety of 
diseases. The present report deals only with the 
results obtained in ten instances of myocardial 
infarction, eleven examples of peripheral vascu- 
lar thrombosis and emboli and eight patients 
who were in congestive heart failure not second- 
ary to myocardial infarction. 

In congestive heart failure either no rise in 
urobilinogen excretion in the urine was ob- 
served or high values were found on the day of 
admission, these receding toward normal during 
the next few days of intensive treatment. In all 
but one of the patients suffering from myo- 
cardial infarction, excretion titers above normal 
were observed for at least one day. In contrast 
to patients in congestive heart failure the average 
maximum excretion occurred on the fourth day 
following onset of clinical symptoms. It appeared 
that lower levels were obtained in patients in 
whom the clinical course and serial electro- 
cardiograms suggested small, non-penetrating 
infarcts. Peripheral thrombi and emboli were 
invariably followed by a rise in urine urobilino- 
gen occurring on the average during the first or 
second day following the onset of clinical signs. 
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It is pointed out that simple determination of 
the excretion of urobilinogen in the urine from 
samples collected during a two-hour period pro- 
vides another method with which to follow and 
gauge patients with acute myocardial infarc- 
tion. It is of no value in differentiating chest 
pains caused by pulmonary emboli or dissecting 
aneurysm from those secondary to occlusion of 
a coronary artery. 


PRIMARY CARCINOMA OF THE LuNG. Cy- 
TOLOGIC StuDy OF SPUTUM AND Bron- 
CHIAL SECRETIONS. S. M. Farber, M.D.., 
M. A. Benioff, M.D. and G. Tobias, M.D., 
San Francisco, California. (From the Uni- 
versity of California Tuberculosis Service, 
San Francisco Hospital.) 


A review of the clinical and pathologic mate- 
rial of 200 cases of primary carcinoma of the 
lung which came to autopsy at the University. 
of California Medical School and the Stanford 
Medical School revealed that diagnosis was 
usually made in the late or terminal stages of 
the disease. Since primary carcinoma of the 
lung is bronchogenic in origin, a cough pro- 
ductive of sputum is found in the majority of 
patients. Examination of sputum or of broncho- 
scopically removed secretions for neoplastic cells 
has been reported at various times since the 
published observations of Hampeln in 1887. 
Recent advances have been made in proper 
identification of the cellular elements of the 
bronchial secretions through: use of the Papa- 
nicalaou and Traut vaginal smear technic. This 
method gives an extremely high degree of 
nuclear and cytoplasmic detail. 

This paper presents the cytologic criteria for 
diagnosis of malignant cells found in the sputum 
and bronchial secretions. Comparison is made 
with the cellular components in patients with 
acute and chronic pulmonary diseases and with 
the normal epithelial cells, cells from the blood 
stream and the reticuloendothial system. Clinical 
histories are listed when the cytologic examina- 
tion of the sputum or bronchial secretions estab- 
lished the diagnosis of primary carcinoma of the 
lung. 


Use oF Fisprin FoAM 1N BRONCHIAL STUMP 
CrosurE. M. F. Kepl, M.D. and R. E. 
Ahlquist, M.D., Spokane, Washington. - 

It has been shown by Bailey that final reac- 
tion to a large quantity of fibrin foam with 
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thrombin is less than that to a single black silk 
suture. After implantation no leukocytic infiltra- 
tion appears. Fibrin foam is absorbable and 
controls oozing of tumor beds and cut surfaces 
of parenchymatous organs. 

It is the purpose of this communication to 
discuss the rationale of the use of fibrin foam 
as a bronchial plug in the closure of the bron- 
chial stump after lobectomy or pneumonectomy 
with the anticipation that probably the fibrin 
foam would act as a scaffolding on which his- 
tiocytes and capillary buds would proliferate 
and hold the bronchial stump, thus prevent- 
ing the well known phenomenon of “blown 
bronchus.” 


American F ederation for Clinical Research 


A case history is presented in which lobectomy 
was done for bronchiectasis during which opera- 
tive procedure it was not possible to cover the 
bronchial stump with a pleural flap. Fibrin 
foam, dipped in thrombin, was sutured in place 
over the closed end of the bronchus which was 
then irrigated with penicillin-saline solution. 

Healing was uneventful. No blown bronchus 
was evident and the patient returned to work 
approximately six weeks after the operative 
procedure. It was believed that the use of fibrin 
foam in this procedure played a definite role 
in aiding bronchial stump closure, particularly 
when the stump could not be covered with 
pleura. 
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to reduce risk 


of vascular accident 
due to 


INCREASED 
CAPILLARY 
FRAGILITY= 


RUPHYLLIN 


In diseases in which abnormal capillary fragility is a potential danger 
(hypertension, arteriosclerosis, coronary disease, diabetes mellitus) or when 
such increased fragility is connected with use of certain drugs (thiocyanate, 
sulfadiazine, gold salts, etc.)—Ruphyllin—an important new Searle prepara- 
tion— offers a means of protection against vascular accident and may be 
administered over prolonged periods of time. 


AMINOPHYLLIN (SEARLE) 100 mg.—provides myocardial stimulation, 
smooth muscle spasmolysis, diuresis; 


RUTIN 20 mg.— provides prophylaxis against increased capillary fragility; 
restores normal tension in capillaries which have Coveleped increased 


fragility; synergizes diuretic action of Aminophyllin; 


PHENOBARBITAL 15 mg.— provides mild and continuing sedation desir- 
able in treatment of hypertensive and cardiac cases. 


SEARLE 


RESEARCH IN THE SERVICE OF MEDICINE 


RUPHYLLIN IS THE TRADEMARK OF G. D. SEARLE & CO., CHICAGO 80, ILLINOIS. 
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Not Only Iron...but also 
B Complex Vitamins and Liver 


N ot infrequently hypochromic anemia is complicated by 
associated nutritional deficiencies. Anorexia, disturbed 
gastrointestinal function, listlessness and easy fatigability 
are often observed concurrent with secondary anemia; in 
many if not all such instances deficiencies of one or more 
of the B complex vitamins may be responsible. 

LIVITAMIN-WITH-IRON provides rapidly effective iron in readily utilizable, nonionic, 
minimally irritating form. In addition it supplies significant amounts of syn- 
thetic thiamine, riboflavin, nicotinamide, pyridoxine and pantothenic acid, as 


well as these and other vitamin B complex factors found in rice bran extract 
and in liver concentrate. 


LIVITAMIN-WITH-IRON is indicated in hypochromic (secondary) anemia, particularly 
when accompanied by evidence of B complex deficiency states. It is highly 
efficacious whether the anemia is due to acute or chronic blood loss, deficient 
iron intake, infectious and other toxic states, pregnancy, or lactation. 

The palatability of LIVITAMIN-WITH-IRON makes it readily acceptable to children 
as well as adults. 


DOSAGE: 3 to 4 teaspoonfuls three times daily. 


Each fluidounce of Livitamin With Iron, 
with an attractive, palatable vehicle, presents: 
i(Rquivalent to 45 me’ element 30 gr. 


THE S. E. MASSENGILL COMPANY 
Bristel, Tenn.-Va, 
NEW YORK « SAN PRANCISCO « KANSAS CITY 


COMPLETE: EMISSION 


* DRA 
BACTERICIDAL, DEODO 


Glycerite Hydrogen Peroxide 


Carbamide 


Clinical studies concerned with the use of 


ean Glycerite of Hydrogen Peroxide in the treatment of 
cr 43.665, 1946. chronic purulent otitis media demonstrated seventeen 
"26:27, 1947. of twenty-nine patients in complete remission in 14 
56:556, 1946. days and the remainder by the 38th day. The pa- 

ne a? tients studied presented conditions existent for pe- 


:468, 1946. 
Annele ol Allergy. riods of 2 weeks to over 40 years. Previous treat- 
J. A. Ph., A., (Sc. Ed.) ment by the usual therapeutic means, including 
304, 1946. tyrothricin or penicillin, was ineffective in all 


Hydrogen Peroxide 1.446%, Urea (Carbamide) 2.554%, 8-Hydroxyquinoline 0.1%. 
Dissolved and stabilized in substantially anhydrous glycerol ...q.s. ad. 30cc. 


Available on prescription in one-ounce bottle with dropper. 
Administration: One-half dropperful two to four times daily. 


International PUARMACEUTICAL CORPORATION 


132 NEWBURY STREET, BOSTON 16, MASSACHUSETTS 
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EXPEDITE 
CONVALESCENCE 


Nutritional adequacy is a fundamental requi- 
ote LIVER AND 


site for normal convalescence. 

YEAST EXTRACT ARMOUR is an excellent 
nutritional adjuvant, not only because of the 
nutritional factors it contains, but also be- 
cause of its tonic effect and stimulating action 
on the appetite. It hastens convalescence and 
helps overcome lassitude, fatigue and mal- 
aise. Furunculosis and inflammatory or ulcer- 
ative lesions of the mucous membrane may 


vield also to Liver and Yeast therapy. 


LIVER AND YEAST EXTRACT ARMOUR 
is absorbed rapidly and its physiologic stimu- 
lating effect is noted promptly. In this prepara- 
tion, the yeast has been washed free from gas- 


K Fiver and Yeast 


HEADQUARTERS FOR MEDICINALS OF 


trointestinal irritating properties. The hydro- 
lyzing and stabilizing processes are so con- 

ucted that the often objectionable liver 
odor and taste are eliminated while the pri- 
mary and secondary anti-anemic factors as 
well as the vitamin B complex of both liver 
and yeast are preserved. It is quite palatable. 


LIVER AND YEAST EXTRACT ARMOUR 
lied in 8 adult 
is two teaspoonfuls twice daily. Larger 
doses, if indicated, may be given safely. It 
is best administered in a little milk, water, 
or fruit juice. When there is a decided ten- 
dency toward secondary anemia it may be 
given in conjunction with some form of iron. 


Have confidence in the preparation 
you prescribe — specify ARMOUR. 


A ARMOUR 


CHICAGO 9, ILLINOIS 


ANIMAL ORIGIN 
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new 


Low surface tension makes CRESATIN 
metacresylacetate one of the most pene- 
trating and efficient of fungicides for 
treatment of common mycotic skin in- 
fections. It is now available in a spe- 
cially compounded, clear ointment base, 
for maximum convenience in treatment 
of foot ringworm and other dermatophy- 
toses, erythrasma, and tinea circinata, 
versicolor, and cruris. 


potent 


convenient, dose-form 


Cresatin Ointment not only exerts high 
fungicidal efficiency, but is analgesic, 
antiseptic, and mildly keratolytic as 
well. Finally, in contrast to its strong 
fungicidal action, due to volatility and 
low surface tension, CrEsATIN Ointment 
is relatively and reassuringly nontoxic. 
Supplied in tubes containing 4-ounce 
of CrESATIN metacresylacetate, 80%. 


Sharp & Dohme, Philadelphia 1, Pa. 


_ Crystalline Penicillin G Sodium Merck is now supplied 
in vials with a new, improved aluminum seal. Crystalline Penicillin G 


Among the advantages provided by this new seal Sodium Merck is a highly 
are: 


purified product from which 
therapeutically inert mate- 


The round tear-off tab is easily removable and rials have been virtually 


liminates the dill alt eliminated. 

implement to pry up the tab. For Penicillin of the high- 
est quality— 

The tight-fitting dust cap with skirt provides pro- SPECIFY MERCK! 

tection for the rubber stopper during storage of the 

vial bet sniecti 


PENICILLIN SODIUM 
MERCK 


MERCK & CO., Inc. RAHWAY, N. J. 


ped 

A new 


Outstanding advantages of 
Acnomel’s special new vehicle. . . 


Acnomel $ superior vehicle embodies an entirely 
new principle in topical acne therapy. To this vehicle—a stable, 
grease-free, flesh-tinted hydrosol—ACNOMEL owes 
the following important advantages: 


| It is easy to apply smoothly and evenly. 
? Upon application, it dries in a few seconds. 


intimate and prolonged contact with 


3 Its active ingredients are maintained in 
the affected areas. 


4 It removes excess oil from the skin. 


A It is readily washed off with water. 


It is economical, since there is no waste 
during application. 
Smith, Kline & French Laboratories, Philadelphia 


a significant advance, clinical and cosmetic, 


in acne therapy 


Acnomel 


Man-made 
Rain 


Water fixed in clouds may be precipi- 
tated by solid C O, scattered from an 
| | airplane. Man has learned to unlock 


 Dropsical accumulations may be removed 
from tissues by the use of Salyrgan*- 
Theophylline. Congestive heart failure 
patients retain huge stores of sodium. 
‘To accommodate the oversupply the 


i, body hoards water. 
Z 
ae Salyrgan-Theophylline eliminates 


Ste both water and sodium. The first 
injection may cause the patient to 
lose as much as 10 pounds. “Dry 
weight” can be achieved promptly 
and usually maintained with 
properly spaced injections of 
Salyrgan-Theophylline. 


$ 
+ 
4 


“Reg. trade mark of 
Wikthrop Chemical Company, Inc. 


Breon «Company 


KANSAS CITY. MO. 
NEW YORA 

ATLANTA 

SAN FRANCISCO 
SEATTLE 
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BETA LACTOSE 


TO BETTER NUTRITION 


in dietary planning, the physician may prescribe with 
complete confidence any of Borden’s nutritional 
preparations. They conform at all times to the most 
modern concepts of nutritional science, and are 

+ formulated and produced with meticulous concern 
for quality, purity, and clinical serviceability. 


BIOLAC, approximating human milk in its nutritional content 

and digestibility, is an ideal replacement for mothers’ milk. ‘ 
With the addition only of ascorbic acid, it becomes a complete 
food — “baby talk for a good square meal”. 


MULL-SOY is a hypoallergenic soy concentrate — for those 


DRYCO provides a “master key” to infant nutrition with its 
wide range of formula flexibility for individual needs. 

Its high protein, low fat, intermediate carbohydrate ratio 

— for use with or without added carbohydrate — makes it the 
“custem-formula” food for all infant requirements. 


BETA LACTOSE is a highly palatable and readily soluble 
formula modifier in the form of an improved milk sugar, 
five times more soluble than alpha lactose. Milk’s natural 
carbohydrate for infants and adults alike. 


KLIM solves the problem whenever fluid milk is indicated in 
the diet, but lack of availability or of refrigeration make 
its use impracticable. This superior quality, spray-dried, 
whole milk, with soft curd properties is invaluable 

for use in infant feeding, or for dietotherapy in 

peptic ulcer and other special adult diets. 


The nutritional statements of this advertisement are acceptable 
to the Council on Foods and Nutrition of the A. M. A. 


These Borden Prescription Products are available at all 
phormacies. Full detailed professional information 
gladly supplied on reques!. 


BORDEN’S PRESCRIPTION PRODUCTS DIVISION 


350 MADISON AVENUE * NEW YORK 17, N. Y. 
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Purodigin has these advantages: 


PRECISE DOSAGE: Purodigin (Digitoxin Wyeth) is 
absolutely uniform .. . standardized by weight, 


prescribed by weight. 

LACK OF IRRITATION: Purodigin is concentrated 
—dosage is only one thousandth that of digitalis leaf. 
Nausea is rare. 

ABSORPTION of Purodigin is virtually complete. Almost 
no irritating residue is left in the digestive tract. 
SUSTAINED ACTION: Purodigin remains in the body 
as long as digitalis. 

Try Purodigin—especially for those patients who do not easily tolerate 


digitalis leaf. Without interrupting treatment, simply prescribe 0.1-0.2 
milligram Purodigin in place of 0.1-0.2 gram digitalis. 


PURODIGIN 


CRYSTALLINE DIGITOXIN 


® 
WYETH INCORPORATED PHILADELPHIA 3, PA. 


a 
For oral use: 0.2 7 
of 30, bottles of 100 and 500; 0.1 tp -< 
mg. tablets—bottles of 100 and De ue 
500 e For intravenous injection: 
1 cc. ampuls, 0.2 mg. 
4 


